









WDC-A-RSlS 

National Space Science Data Canter/ 

World Data Center A For Rockett and Satellites 


tv* 


77-02 


Catalog 

of 

Lunar 

Mission 

Data 

Technical Coordinator 
WINIFRED SAWTELL CAMERON 



Editors 

ELLEN J. MANTEL 
ELIZABETH ft. MILLER 









PREFACE 


We acknowledge with thanks those persons, too numerous to name, of the 
National Space Science Data Center (NSSDC) who have contributed to the 
production of this Catalog . Appreciation of the contributions of the 
experimenters is also hereby acknowledged. Their data submission and 
explanatory documentation form the base of this Catalog . The NSSDC per 
sonnel activity included data and information handling, verification, 
data description, inventory, illustrations, and photography, as well as 
document production, and involved both the acquisition scientists and 
the Data Center’s onsite contractor. General Telephone and Electronics/ 
Information Systems, PMI Facilities Management Corporation personnel. 

The Data Center strives to serve the scientific community in a useful 
manner so that the scientific data deposited there can be disseminated 
for continued and further analysis. Scientists are invited to submit 
comments or recommendations regarding the format of this Catalog, the 
data announced herein, and the services provided by NSSDC. Recipients 
are urged to inform other potential data users of its availability. 


Winifred Sawtell Cameron 


Elizabeth R. Miller 
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INTRODUCTION 


THE U.S. LUNAR PROGRAM 

The decision to go to the Moon with manned spacecraft resulted in a care¬ 
ful lv Dlanned program of lunar exploration designed to determine 1 
£2 P oi"nTafe, manned ladings couldbe^a an v ^"e 7f° 

to determine 

Sfferlnt characteristics of the lunar surface and environment. The pre- 
^fe^er"” in chronological order 

Orbitex. The manned missions comprised the Apollo series, whicn aeni 
six landing missions. 

The largest volume of data from these missions was photographic, beginning 
with the seri^ on^uly ^^f^^^^esiSed to intact 

st-rS>£ tss&^isrz 

of approach. They were also equip? Sury series so f t -landed on the 

lunar^urface^an^surveyed the local^area^photographically^^Other^Surveyor 

mai* ai7mechanical S properties. Umar Orbiter spacecraft obtained both 
high- and low-resolution photographs from lunar “tbit^or^electr^^ ^ 

manned landing sites. Radiation , . scientific assault on the 

■hiirnpd data The Apollo manned series was a bxoad scient 

SSrStS===; ; i.rrr:s."- 

continue to return data. 

The lunar missions resulted in a h^^ ^^^p^operties^^the Moon and its 

his capacitv to Judge, select, adapt, 

correct, and improvise in his explorations. 

CATALOG ORGANIZATION 

The National Space Science Data Center C^SDC) publishes tatalogs^o^data 

for the disciplines described on t e insi scientific data acquired 

this Catalog is to announce the availability of all scientitic 

by the specified lunar missions and available at J£i™s. The coding indi- 
US whether 

faUed or aborted experiments, thus providing the scope of the U.S. luyr 
program* 
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INTRODUCTION 


This Catalog discusses only thoso experiments for which NSSDC can provide 
data. In addition to the U.S. data, limited amounts of U.S.S.R. lunar 
data from several Luna and Zond missions are also available from NSSDC an’ 
are announced in this Catalog . Data requested from NSSDC may be in the 
form of film, photographic paper prints, magnetic tape, hardcopy, micro¬ 
film, or microfiche as indicated in data descriptions. 

The Catalog has been d/vided by programs: Ranger, Surveyor, Lunar Orbiter. 
Apollo, and Luna and Zond. A brief description of the mission of each 
program and the spacecraft flown is given, followed by experiment descrip- 
tions. The data obtained by the experiments and stored at NSSDC are de¬ 
scribed, and information such as the form and quantity of data is provided 
References and sources of information are provided at the end of each pro-’ 
gram section. 

In addition, some nonsatellite data that may be pertinent to scientific 
studies of lunar mission data are described in Appendix 1. These data are 
available from NSSDC and other sources as indicated. The principal inves¬ 
tigators of the U.S. experiments described in this Catalog are given in 
Appendix 2, which is listed by program and alphabetically by experiment. 

The Index to Principal Investigators provides their affiliations, all lunar 
experiments with which they are associated, and the location of descriptions 
of their experiments in this Catalog . Appendix 3 provides a list of acro¬ 
nyms and abbreviations used throughout the text. 

Refer to Appendix 4, NSSDC Facilities and Ordering Procedures, to order or 
request data from this Catalog, A discussion of ordering procedures is 
given, and an order form is provided. Refer to the Index to Available 
Data to obtain the NSSDC ID number for the specific data required. To ob¬ 
tain photography from most missions, it will be necessary first to request 
documentation and photographic catalogs described herein from which indi¬ 
vidual pictures may then be selected and ordered. 


NSSDC MISSION 

The raison d’etre of the National Space Science Data Center is to be the 
repository of space science data and the distributor of these data to the 
scientific community, as described in Appendix 4. To organize and systema¬ 
tize the great volume of data received, NSSDC has a computerized file that 
maintains information on spacecraft, experiments flown on the spacecraft 
and data stored at NSSDC from those experiments. For filing purposes 
these records are each given NSSDC identification (ID) numbers utilizing 

a spacecraft/exporiment/data hierarchy. Data are ordered from NSSDC by 
these numbers. 7 

The Data Center has reproduction services, data viewing resources, and per¬ 
sonnel to assist scientists in procuring the desired data products. In 
order to acquaint the user public with the data products stored at NSSDC, 
the Data Center publishes catalogs and documents such as this. 
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Table 1-1. U.S. Lunar Mission Data 


• All or partial data at NSSDC 
X He .1/ta at NSSOC 


0 lixporiacnt failed 
□ Ixpcriacnt aborted 


PHOTOGRAPHY 


//? 


///. 

f/j 


W /*/ / ////4 /tyi/ft/f/W/s 
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/V /^J c*/£/ $?/<f/k/<£/££/<£ V^v /**/ /*///vy */^/ 


Ranger 7 

DO 

Ranger 6 

OH 

Ranger 9 

oo 

Surveyor 1 

DO 

Surveyor 3 

DO 

Surveyor S 

DO 

Surveyor 6 

DO 

Surveyor 7 

DO 

Umar Orb iter 1 

DO 

lunar Orbiter 2 

DO 

Umar Orbiter 3 

DO 

Umar Orbiter 4 

DO 

Umar Orbiter 5 

DO 

Apollo 3 

OD 

Apollo 10 

on 

Apollo 11 


Apollo 12 

OD 

Apollo 13 

OD 

Apollo 14 

OD 

Apollo 15 

OD 

Apollo 16 

OD 

Apollo 17 

on 
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Doanua 


*MomU» alto available, 
tIncluded with Hasselblad data, 

5 Included with Maurer and Nikon data. 
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Ranger 7 last full-scan A-camera frame taken before surface impact and 
not completely read-out; the noise at the right-hand edge is due to im¬ 
pact. Note the smooth surface and that only one crater (800-m diameter) 
in upper left contains anything. Spacecraft altitude was 5 km (3 mi) 
and resolution is 30 m (100 ft). 
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THE RANGER PROGRAM 


The Ranger program consisted of nine spacecraft missions with the ultimate 
objective of obtaining high-resolution photographs of the lunar surface. 

Ranger 1 and 2 made up Block I of the program and were test missions. 

They were .Launched in 1961 for nonlunar-oriented engineering development. 
Block II missions (Ranger 3, 4, and 5) were launched during 1962 to 
achieve rough lunar landings, to obtain some science data, and to test 
approach television camera operations. These Ranger spacecraft experi¬ 
enced satisfactory vehicle performance but either missed the Moon 
(Ranger 3) or failed before impacting the lunar surface (Ranger 4 and 5). 

The experiences of these earlier phases of the program led to the Block 
III missions in 1964 and 1965: Ranger 6, 7, 8, and 9. These spacecraft 
were designed to achieve lunar impact trajectories and to transmit high- 
resolution photographs of the lunar surface during the final minutes of 
flight. The Ranger spacecraft is shown in Figure 2-1. 





Figure 2-1. The Ranger spacecraft. 
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RANGER 


Ranger 6 performed satisfactorily, but the cameras failed to opc ate 
before lunar impact. However, Ranger 7, 8, and 9 fulfilled the mission 
objectives and provided over 17,000 photographs at resolutions not 
previously obtainable. It is these missions and the resulting photog¬ 
raphy that ars discussed here. 

The Ranger 7 and 8 missions provided coverage of the two types of mare 
terrain in which they impacted. The first type is modified by crater 
rays, and the second is crossed by a complex system of ridges. Image 
motion limited terminal resolutions on these missions. Ranger 9 provided 
coverage of a highland region, impacting in the large central highland 
Crater Alphonsus. During the picture-taking sequence, lighting was ex¬ 
cellent, image motion was negligible, and terminal resolution was 0.3 m. 
Comparative information for these successful Ranger missions can be found 
in Table 2.1. 

The Ranger photographs, which are available from NSSDC, provided valuable 
information for lunar surface interpretation (Heacoek et at ., 1965 and 
1966), future landing site selection for Surveyor and Apollo missions, 
and feature designation of surface detail not heretofore visible to Earth- 
based observations. The impact on lunar mapping was considerable (. Ranger 
Program, 1961). 


TELEVISION EXPERIMENT 

Each Ranger spacecraft approached the Moon in direct motion along hyper¬ 
bolic trajectories and encountered the surface with incoming asymptotic 
direction angles with respect to the lunar equator. During the final 
minutes of flight, the spacecraft television camera system began opera¬ 
tions and continued until impact on the lunar surface. 

The Ranger spacecraft television equipment had the same basic construction 
and operational capability for all missions (Kirhofer, 1966). Included in 
the system were six cameras. 

The six cameras were fundamentally the same with differences in exposure 
times, fields of view, lenses, and scan rates. The camera fields of view 
were arranged to provide overlapping coverage so that a nested sequence 
of photographs was obtained. 

The camera system was divided into two completely separate channels desig¬ 
nated P (partial) and F (full). Each channel was self-contained with 
separate power supplies, timers, and transmitters. 
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Tabic 2-1. Successful Ranger Missions 


Parameters 


SPACECRAFT 

Hours of Flight 

Inclination 

Trajectory 
Asvmntotic Angle 


f 4 


Impact Coordinates 

Impact Location 

Impact Date 
PHOTOGRAPHY 
Transmission Time (UT) 


Sequence Duration (min) 

Quantity 

Quality 

Highest Resolution (m) 



Mission Name 


Ranger 7 

Ranger 8 

Ranger 9 1 

68.6 

64.9 

64*5 I 

26.84° 

16.5° 

15.6° 

-5.57° 

-13.6° 

-5.6° 

20.7°W 

10.7°S 

24.8°E 

2.7°N 

2.4°W 

13.1°S 

Mare 

Cognitum 

Mare 

Tranquillitatis 

Alphonsus 

July 31, 1964 

Feb. 20, 1965 

Mar. 24, 1965 

1308 

to 

1325 

0934 

to 

0957 

1349 

to 

1408 

17.2 

23 

19 

4308 

7137 

5814 

Excellent 

Good 

Good Contrast 

0.5 

1.5 

0.3 


The F-channel had two cameras. The A-camera was wide angle, and the B- 
camera was narrow angle. Both cameras had a large dynamic range from 
approximately 35 to 50 cd/m 2 (10 to 15 fL). The two cameras operated in 
sequence so that only one camera exposure scanned at a time, with 5-s 
intervals between consecutive pictures on a particular camera. 
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The P-channel contained four cameras designated Pj through I\, and they 
had the same combination of lenses as the cameras in the P-channel. Pi 
and P 2 cameras were narrow angle, and the P 3 and Pt* cameras were wide 
angle. The primary difference between the two channels was in the camera 
scan rate and portion of the photoconductive target used. See Table 2-2 
for camera characteristics. 


Table 2-2. Ranger Television Camera Characteristics 


Characteristics 

Ranger Cameras 

F-Channel 

A B 

Pi 

P-Channel 

P 2 Pa 

P* 

Focal Length (mm) 

25 

76 

76 

76 

25 

25 

f Number 

1.0 

2.0 

2.0 

2.0 

1.0 

1.0 

Frame Time (s) 

2.56 

2.56 

0.2 

0.2 

0.2 

0.2 

Horizontal Frequency (cpr) 

450 

450 

1500 

1500 

1500 

1500 

Exposure Time (ms) 

5 

5 

2 

2 

2 

2 

Field of View 

25° 

8.4° 

2 . 1 ° 

2 . 1 ° 

6.3° 

6.3° 

Target Size 

11 ° 

11 ° 

2 . 8 ° 

2 . 8 ° 

2 . 8 ° 

2 . 8 ° 

Scan Lines 

1150 

1150 

300 

300 

300 

300 

Time Between Frames (s) 

5.12 

5.12 

0.84 

0.84 

0.84 

0.84 


The last P-channel picture was taken between 2.5 and 5 s before impact 
(altitude about 5 km), and the last P-channel picture was taken between 
0.2 and 0.4 s (altitude about 600 m) from which the highest resolutions 
were obtained. The resolution achieved by Ranger 9 (0.3 m) was a factor 
of 1000 better than any Earth-based views of the Moon. 

Vidicons with 2.54-cm (1-in.) diameters were used for image sensing, and 
electromagnetically driven slit-type shutters exposed the vidicons. Images 
were focused on the vidicon target, which was made up of a layer of photo- 
conductive material initially charged by scanning with an electron beam. 

The charge pattern formed by the image on the photoconductor remained much 
longer than in commercial systems. An electron beam then scanned the 
surface and recharged the photoconductor. The video signal was amplified 
several thousand times, sent to the transmitter where amplitude variations 
were converted to frequency variations, and were then transmitted to 
liarth. At the end of the active scan, the camera entered an erase cycle 
to proparo it for the next exposure. Twelve P-channel pictures were ex¬ 
posed between each P-channel picture. 





V 


RANGER 



The television signals were received on 25,9-m (85-ft) antennas at Gold- 
stone, California, were amplified and mixed to reduce the signal center 
frequency to 30 MHz, and were sent to a television receiver. 

Another mixing operation reduced the frequency to 4.5 and 5.5 MHz, 
respectively, for the two channels. The signals were then reconverted 
to amplitude variations in two demodulators. The output was the same as 
the original video generated in the cameras. These video signals were 
used to control the intensity of an electron beam in a cathode-ray tube 
that was scanned in unison with the electron beam in the cameras. This 
reconstructed the original image, which then was photographed on 35-mm 
film. 

In addition to the film recorders, another means of recording was used. 
The 4.5- and 5.5-MHz signals were sent from the demodulator to another 
mixer that reduced the center frequency further to 500 kHz. They were 
then recorded on magnetic tape. To obtain film records from these 
magnetic tapes, they were played through a demodulator, and the video 
signal was applied to the film recorder as discussed above (Billinas leu. 
1966 and 1970). 

The film used was Eastman Kodak television recording film type 5374. The 
negatives were developed by a commercial film processor to a 1.4 gamma. 


Television Experiment Data 

The photographs from the Ranger missions are stored at NSSDC and are 
available as described below. Table 2-3 summarizes the NSSDC data hold¬ 
ings. See the Index to Available Data to obtain the NSSDC ID numbers 
necessary for ordering these data. 


Table 2-3. Ranger Television Experiment Data at NSSDC 


Mission 

Lunar 

Photographs 

Atlas Photographs 

F-Channel 

P-Channel 

A(wide) 

B(narrow) 

Ranger 7 

4308 

199 

200 

758 

Ranger 8 

7137 

60 

90 

79 

Ranger 9 

5814 

70 

88 

46 
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In addition to the data listed here, there are supporting data available 
on microfiche that present photographic parameters for each mission. 

To aid in selecting and using Ranger data, NSSDC published a zysera 

Note (DUN), Ranger • 7, 8 , and 9 TV Cameras (NSSDC 68-06). The DUN brie y 
describes the instrumentation and measurements, the telemetry, and the 
operational experience of the Ranger television c® 1 "®™ 5 ; k Jf f f j j * 
and bibliography are also provided. It is recommended that this DUN be 

obtained before ordering Ranger data (see order form). 

Lunar Photographs 

These photographs are duplicate negatives made from the master positive 
prints that were matched very closely to the density distribution of the 
originals. The original negative was obtained from tape playback as des¬ 
cribed. 

The total full-scan and partial-scan data transmitted by the Ranger experi¬ 
ments afe contained on these 35-mm black and white films of Eastman Kodak 
type 5285. They provide lunar views and information on topographic fea¬ 
tures of the lunar surface. 

Atlases of Lunar Photographs 

These atlases contain selected photographs from the television experiments 
hoZ on the last three Ranger missions. The photography from the various 
cameras is found in three volumes for Ranger 7 and one volume each fo 
Ranger 8 and 9. Included are mission and camera system descriptions as wel 
as fables of values for each published photograph. The atlases were repro¬ 
duced photographically to preserve the rich image of the originals. Shown 
in Table 2-3 are the quantities of photographs for the cameras and missions. 
These atlases are available from NSSDC on microfiche. 

REFERENCES/SOURCES 

The following citations are annotated with A- and N-nvunbers whore appli¬ 
cable. An A-number indicates those documents available from: 

Technical Information Service 
American Institute of Aeronautics 
and Astronautics 
750 Third Avenue 
New York, NY 10017 
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N-numbers refer to documents available from. 

National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 


1967 (A67-39309) 


Billingsley, F. C„ ■•Applications of Digital ^ gocessing." A W l 
tytios, 9 (2), 289-299, February 1970. (A70 235U7J 


Billingsley, F. C„•■Processing Ranger and Mariner Photography," 
4. 147-155, 1966. (A66-34496) 


U V r I G P Kuiper, E. M. Shoemaker, H. C. Urey, and E. A. Whitaker, 
Heacock, R. L., G. v. *uip , Annivses and Interpretations,” 

••Ranger 7 Part 2, Experimenters' Analyses • 5 (N65-22162) 

JPL-TR-32-700 Part 2, Pasadena, California, i-eDruary 


, n I G P Kuiper, E. M. Shoemaker, H. C. Urey, and E. A. Whitaker, 
Heacock, R. L*, an a interpret at ions, ff 

’’Ranger 8 and 9 Experimenters Y Marc h 1966. (N66-25046) 

JPL-TR-32-800 Part 2, Pasadena, California, Marcn i*° 


- j t a n i Keefe Nature of the Luncti* Sux*£&ee , 
University^Press! BaS^e, Maryland, 1966. 


inn wniineham "Ranger 7 Photographic Parameters,” 

" r 1966 ‘ (N67 ' U817) 


Kirhofer, W. E., "Ranger 8 Photographic Parameters," dPL-TR-32-965, Novemher 
1966. (N67-11818) 


Hew** f.S. anil TV Ccemrae, Bata Beers Bote, NSSDC 68-06, May 1968. 


tt ipt -TR-^2-141 Pasadena, California, September 1961* 
"Ranger^rogram, pubUghe J in A8trona utio8 , September 1961. 


Schurmeier, H. M., "Ranger 7 ^AiTo^TaT 
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SURVEYOR 

PROGRAM 






Surveyor 7 mosaic of the northern flank of Crater Tycho. The large 
block is approximately 0.3 m (1 ft) in diameter, and the horizon is ap 
proximately 3 km (2 mi) away. Resolution is approximately 1 mm along 
the lower edge of the photograph. (7SE31) 





















* 


N 77 - 32 * 31 - 

THE SURVEYOR PROGRAM 

^ program consisted of 

2®ua-v s.£rr. sir • 

riHUi missions £ & resulting ante that ore ^cussed 

Catalog . . of luuar surface landings, 

t iunion to demonstrating the feasibili / photographs and both 

In addition to uuj lunar an d cislunar P» the Apollo manned 

the Surveyo technological information nee e an j 6) returned data 

scientific and t emcecraft, Surveyor 1, 3, » c.irvevor 7 pro- 

lanaing program. >our sj u program support, ana bur y 

from selectea mare highland region. 

vi aea data from a contra.,trng hich , and had a 4.5-n 

Each spacecraft tubing provided "ou^ting sur^ 

5 ^ientif ic^and^engineering equipment t. 85-1. 

equipment existed of ajV ^"Lrg^o ^tery that toget f 

»: rSB.: wifi -mea 

spacecraft free falling began shortly after landing, 

off at a 3.5-m altitud V Qver 86>0 00 

Each surveyor ^rfLTUrrSn 8 in 

in^tlon^ -t”^U as the^ers^istr, 

the immediate vicinity of P ^ boulder s m the area. ^ of soll 

button, and s!tes of tl phot ography supported inveg matcr ial 

to lunar terrain studies, and com p 0 sition of tho surta^ 

mechanics, magne P Gold, 19701 Gault et al ,, ’ . Surveyor mis- 

^r/nbUS-l probfes comparative information for the Surv 

Si0n3 ' , d 7 carried a soil mechanics -face 

Surveyor 3 and ’ «”ied q£ trenching operatic » Ptrfo tMts ucre 

scoop*provided s d ^^ ad C these S photographs'ptovide 1 similar Information, 
also photographed, and spacecraft foot- 

5 h and 7 had a magnet attached to ™' t i 0 „ of the soil (Po 

surface sampler, rnoxogj. i 
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Figure 3-1. The Surveyor spacecraft. 


magnets indicated the amount of magnetic particles (principally iron) in 
the soil and allowed estimates of the lunar soil composition when compared 
with premission experiment photographs of magnets in terrestrial soils of 
various compositions with varying iron content. 

Composition of surface material was also determined from data obtained 
by the alpha-scattering instrument {Tui'kevioh , 1970). This instrument was 
carried bj Surveyor 5, 6, and 7 to allow chemical analysis of the lunar 
surface material. 


Touchdown dynamics data from engineering sensors provided soil mechanics 
information, and erosion data were obtained from vernier engine activity. 
The Surveyor 6 spacecraft performed a "hop" maneuver moving 2.5 m away 
from its origina. landing area. Photography obtained after the hop con¬ 
tributed to the soil vjchanics investigations. 







Table 3-1. Surveyor Spacecraft and Experiment Information 
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NSSiir holdings Include nil the Surveyor photography, partial noil mechan¬ 
ics surface sampler data, and the hont alpha-scattering data obtained. 

Theno experiments and their data are doscrihed in the following seevinns. 

TELEVISION EXPERIMENT 

The television (TV) carried on the Surveyor spacecraft was a slow scan 
•••dicon camera r>>, ll>«)$>; Wolf a awl 1955). It was oper¬ 

ated hy ground command and demonstrated gioat flexibility. Preplanned 
tapes commanded the camera to take panoramic surveys, and manual command¬ 
ing was performed when individual visual observations were required. 

The six major assemblies of the camera were the mirror head, filter wheel, 
variable focal-length lens and iris assembly, shutter, vidicon tube, and 
the TV auxiliary electronics. The camera accommodated scene luminescence 
levels from approximately 0.00027 >.0 8900 cd/m 2 (0.00008 to 2(>00 f 1.). It 
provided a 1-mm resolution at 4 m, and the lens was able to focus from 
1.23 m to infinity. On level surfaces, the lunar horizon was approximately 
2 km distant. 

The mirror head rotated 360° horizontally, allowing panoramic views around 
the spacecraft. Azimuth motion was obtained by rotating the mirro -head 
assembly about the optical axis of the lens (+31° to -67° above and below 
the plane normal to the camera Z-axis). The mirror reflected the lunar 
surface images through the filter wheel and the other camera assemblies to 
the vidicon faceplate. 

The filter wheel was mounted above the lens and had four sections. On Sur¬ 
veyor 1, 3, and 5, the four sections were clear, red, green, and blue. On 
Surveyor 5 and 7, three polarizing filters were used in piace of the color 
filters to investigate the polarization of light reflected both from the 
lunar surface and from the Earth. 

The variable focal-length lens and iris assembly was adaptable to 25-mm 
and 100-mm focal lengths. The extreme stops only were used and allowed 
wide- and narrow-angle views of the lunar scene. The shutter, below the 
lens and iris assembly, was designed to give an exposure of 150 ms. Ti.is 
was considered to be optimum for the lunat light conditions. The vidicon- 
tube assembly included a 2.54-cm (1-in.) diameter vidicon tube positioned 
0.5 cm (0.2 in.) behind the shutter. Upon receiving the reflected image, a 
video signal was produced from the photoconductive target layer for analog 
transmission of the image to Earth. 

The Surveyor camera had three modes of operation. The normal mode provided 
one 500-line TV frame every 3.5 s and required 1 s to be read from the 
vidicon. To transmit lens and mirror position, temperature, calibration 
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level, and identifying information required 200 ns using a 220-kIlz video 
bandwidth over a directional antenna. The vidicon was erased in 2.4 s 
for the next exposure. The 200-line mode required 61.8 s per frame and 
1.2 s to complete video transmission at a 1.2-kllz bandwidth over an omni¬ 
directional antenna. The third mode was referred to as an integrating 
mode and provided both 600- and 200-line scans. In this mode, the scan¬ 
ning beam of the vidicon was cut off, and the shutter remained open allow¬ 
ing a continual charge build up on the vidicon proportional to the received 

photon energy. 

The integrating node was used for stellar observations and views of the 
lunar surface under earthshine conditions. The 200-lme node was used 
immediately after touchdown and under special conditions. The normal 
600-line mode was used at all other tines and obtained more than 99 percent 
of the pictures taken during the Surveyor missions. 

The picture information was processed by a central command decoder with 
further processing performed by the TV subsystem decoder. The analog 
identification signals from the camera were commutated by the television 
auxiliary. Analog-to-digital conversion was performed by the central 
signal processor. The pulse-code-modulated identification data were 
mixed in a proper time relationship with the video signal and transmitted 

to Earth* 

Most TV data transmissions were received at Goldstone, California, and 
relaved to the Space Flight Operations Facility at Pasadena for data 
processing. Overseas Peep Space Network stations also participated m 

television operations. 

The TV images were displayed on Earth on a slow scan monitor coated with 
a long persistency phosphor that optimally matched the nominal maximum 
frame S rate. One frame of TV identification was received for each incoming 
frame and was displayed in real time at a rate compatible with that of the 
incoming image. These data were recorded on a video tape recorder. 

For photograph reconstruction, there were two photometric/colorimetric ref¬ 
erence charts on the spacecraft, within view of the camera. These charts 
contained a series of precalibrated wedges; 13 were gray and 3 were color. 
Photographs of these charts, taken at the beginning of each mission, al¬ 
lowed comparison with corresponding wedges on Earth for photographic re¬ 
construction. Radial lines on the charts provided a gross estimate of 
camera resolution. The mounting post for these charts aided m deter¬ 
mining solar angles from shadow information, 
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Television Experiment Data 

The television performance was generally good, and the quality of the 
pictures was excellent on each mission when favorable lighting conditions 
existed. The 600-line, high-resolution pictures show details as small as 
0.5 mm (0.02 in.). The photographic subjects for each mission are shown 
in Table 3-2. The time periods of usable data acquisition are from the 
landing date to the date of last usable data (see Table 3-1). 


Table 3-2. Surveyor Photographic Subjects 


Subj ects 

Surveyor 1 Surveyor 3 Surveyor 5 Surveyor 6 Surveyor 7 

PANORAMAS 

Wide Angle 
Narrow Angle 

X X 

X X 

X X 

X X 

SURVEYS 

Focus Ranging 
Photometric 
Stereo Mirror 
Color 

Polarimetric 

x x x x x 

X XXX 

X 

XXX 

X X 

OBJECTS 

Celestial 

Earth 

X x X X X 

X 

INSTRUMENTS 
Surface Sampler 
Alpha Scatterer 
Bar Magnet 
Horseshoe 

Magnet 

XXX X 

X X 

X X 

X 

SPECIAL AREAS 

X 

X 

X 

X 

X 


The TV experiment data held at NSSDC include 70-mm film generated from 
the original video transmissions, mosaics, and digitally processed photo¬ 
graphs. Catalogs are also available for some missions, and photographic 
identification information is available for all missions. Tables 3-3 and 
3-4 summarize the NSSDC data holdings that arc also described individually 
in the following sections. In addition to data listed in Table 3-3, NSSDC 
has available an animated sunset sequence from Surveyor 3 and 173 selected 
mosaics from Surveyor 5. See the Index to Available Data to obtain the 
NSSDC ID numbers necessary for ordering these data. 
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Table 3-3. Quantity of Surveyor Television Photography at NSSDC 


Mission 


70-mm 

Photography 


Surveyor 1 

11,000* 

Surveyor 3 

6,315 

Surveyor 5 

18,006 

Surveyor 6 

29,914 

Surveyor 7 

20,961 


Digitally Processed 
35-mm Photography 

Mosaic 

05R 

SWRF 

Negatives 

88 

90 

334 

28 

98 

60 

8 

49 

237 

325 


358 

17 

56 

244 


Regenerated 

70-mm 


6,315 

18,006 

29,914 

20,961 


♦Estimated. 


Table 3-4. Surveyor Television Experiment 
Identification Information at NSSDC 


Catalogs 


NSSDC 68-10* 


Mission 


Surveyor 1 
Surveyor 3 
Surveyor 5 
Surveyor 6 
Surveyor 7 


♦Series number for document 


NASA SP-341* 


Magnetic Tape 


16-mm Microfilm 


3 


same reel 


same reel 
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To aid in selecting and using Surveyor 1 data, NSSDC published a Data 
Users Note (DUN), Surveyor 1 (1966-45A) Lunar Television Data (NSSDC 67-30, 
June 1967). This DUN briefly describes the instrumentation, measurements, 
and operations of the Surveyor 1 TV camera. Data reduction and format are 
also described, and a bibliography is included. Much of this information 
is applicable to all Surveyor missions. 

Detailed descriptions of the experiment and samples of the photography for 
all Surveyor missions are contained in the Jet Propulsion Laboratory series 
of technical reports cited at the end of this section. It is recommended 
that the supporting or selection information be obtained before ordering 
Surveyor television data. 


70-mm Photography 

These third generation film negatives are on 70-mm film rolls and were 
reproduced from the original negatives with a master positive. These data 
are available for all Surveyor spacecraft. 

The types of photographs available for each Surveyor spacecraft, as well 
as objects photographed, were shown in Table 3-2. 


Digitally Processed 35-mn Photography 

The Surveyor digitally processed photography is available for all Surveyor 
spacecraft. The photographs are 35-mm first generation selected negatives 
produced after analog-to-digital conversion of data transmitted by the 
satellite. Negatives were produced by the Deblock and Register (D$R) pro¬ 
gram and by the Sine Wave Response Filter (SWRF) program and are on one 
reel of 35-mm microfilm. See Table 3-3 for the number of photographs pro¬ 
cessed for each mission. 

The D$R program adjusted the analog-to-digital conversion output to a form 
more easily adaptable to processing operations. The data consist of 600 
digital records written on magnetic tape representing 600 picture lines. 

Each record normally contairs b84 characters corresponding to the picture 
elements in a line. This image was digitized only to produce the negatives. 

The SWRF program was applied to the raw image and restored high-frequency 
data (fine detail in picture) in the horizontal direction along the camera 
scan lines and in the vertical direction. Pictures produced by the SWRF 
program are much sharper and show more detail, but are somewhat noisier 
than the original pictures. 

The phot'graphs include views of lunar surface rocks, craters, slopes, the 
horizon, and surface instruments. 
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Mosaic Negatives 


These mosaic photographs are on 10.2- x 12.7-cm (4- x 5-in.) bl 
white negative film sheets. The mosaics were compiled from the 70-mm 
photographs and are available for all Surveyor missions. The number of 
mosaics available for each mission is found in Table 3-3. 


Included in these data are analytical, improved, rectified, and spheri 
mosaics. Analytical mosaics were made by placing the pictures at th 
correct nominal location on a prepared grid without attempting to match 
images. Improved mosaics present a more coherent view of small areas of 
the panorama because their images were carefully matched. Rectified mo¬ 
saics were made by transforming the image plane of the individual pictures 
to a plane other than that perpendicular to the line of sight of the cam¬ 
era. Spherical, semi-improved, and semi-enhanced mosaics were made on the 
inside of large hemispheres and appear similar to the improved mosaics. 
This process does not distort the panoramas, as does flat processing. 


Regenerated 70-mn Photography 


These regenerated photographs are available for Surveyor 3, 5, 6, and 7. 
They were enhanced by computer programs to reduce noise, streaks, and 
other distortions. This process generates film with a sharper image than 
that distinguishable from nonregenerated film. A masking process jlso 
makes these pictures more uniform than the original photographs. Correct 
fV identification is included on each frame. The data are on first gener¬ 
ation 70-mm negative film. 


Catalogs of TV Photographs 


Catalogs of television photographs for Surveyor 1 and 5 contain most o 
the pictures transmitted by the spacecraft. Pictures of stars, special 
purpose photographs that required enlargements, and special purpose shadow 
surveys received by overseas Deep Space Network stations are not included. 


The catalog for Surveyor 1 was prepared by NSSDC from analytical mosaics. 
Photographs used for focus ranging surveys, verification of camera param¬ 
eters, or examination of small areas of interest are also included. These 
are situated separately on photographic plates without regard to location 
in azimuth or elevation. Individual frame data are also included. 


The U.S. Geological Survey prepared the Surveyor 5 catalog from improved 
mosaics. Photographs of models of the surface areas shown m the mosaics 
are included, as well as basic cartographic data, individual frame data, 
and special purpose mosaics. 
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Both catalogs are available from NSSDC on microfiche. The Atlas of Sur¬ 
veyor 6 Television Data (NASA SP-341) is also available in hardcopy from 
the National Technical Information Service (NTIS) (N75-14665, $16.25). 


Photographic Identification Information 

The identifying information available for Surveyor photographs includes 
day of year; hour, minute, and second in UT; file number; survey number; 
azimuth; elevation; focus; iris setting; filter wheel setting; and lens 
focal length for each photograph. The data are ordered by time of trans¬ 
mission from the lunar surface. 

Except for Surveyor 1 data, which are available on microfilm only, the 
identification information for each spacecraft is available on both 16-mm 
microfilm and on one 7-track, 556-bpi, mixed mode magnetic tape. The data 
are ordered by time. Surveyor 1 data exist to September 18, 1966, but are 
uncorrected after July 13, 1966. 


Animated Sunset Sequence of Lunar First Day 

This Surveyor 3, 16-mm movie film is an animated sequence of 121 wide-angle 
photographs of the lunar first day sunset and 9 narrow-angle photographs of 
twin projections that appeared on the horizon during the sequence. The se¬ 
quence is shown in normal and slow motion and covers 1116 to 2055 UT on 
May 3, 1967. This 16-mm movie film, which runs 3% min, is composed of nega 
tives received from primary TV data. 


Selected Mosaics 

These Surveyor 5 survey panorama mosaics were processed to investigate sur¬ 
face detail. Compiled for interpretative work and included in the Atlas of 
Surveyor 5 Television Data (NASA SP-341), these mosaics consist of the best 
negatives available from the Jet Propulsion Laboratory. There are 173 10.2- 
x 12.7-cm (4- x 5-in.) negative film sheets of 201 improved (flat and spheri 
cal) and special purpose mosaics. 


SOIL MECHANICS SURFACE SAMPLER 

The soil mechanics surface sampler was carried on Surveyor 3 and 7 to pro¬ 
vide data on the mechanical properties of the lunar surface. The sampler 
was designed to dig, scrape, and trench the lunar surface and to transport 
lunar surface material. Each operation was photographed following its com¬ 
pletion because the TV and the sampler could not be operated simultaneously. 


28 


V 


SURVEYOR 


In addition to the information obtained by TV pictures, Surveyor 7 obtained 
motor current data. (Motor current data from Surveyor 3 could not be inter¬ 
preted because of a telemetry anomaly.) The sampler on Surveyor 7 also 
was used to manipulate the alpha-scattering instrument. In addition, two 
horseshoe magnets were mounted on the scoop door for soil composition studies. 
Operations performed by the two samplers are listed in Table 3-5. 


Table 3-5. Soil Mechanics Surface Sampler Experiment Performance 



Mounted below the TV camera, the sampler consisted primarily of a scoop 
approximately 12 cm long and 5 cm wide. The scoop consisted container, 

a sharpened blade, and an electrical motor to open and close the conta . 
A small footpad connected to the scoop door presented a flat surface to the 

lunar surface. 

The scoop could hold solid lunar material with an approximate diameter of 
3.2 cm of granular material with a volume of 100 cm at a maximum. The 
scoop rested on a pantograph arm that could be extended about 1.5 m or 
retracted close tQ P the spacecraft motor drive. The arm could also be moved 
from an azimuth of +40° to -72° or be elevated 13 cm by motor drives, 
could be dropped onto the lunar surface under the combined force that 

gravity and a spring provided# 

The surface sampler surpassed operational requirements. When the alpha- 
scattering 6 instrument on Surveyor 7 failed to deploy on the surface, the 
sampler freed it. The surface sampler also shaded the alpha scatterer 

and moved it for evaluation of several samples as for * 1S ; 

sion. For more details on this experiment and its scientific results, s. 

Jaffa and Steinbaaher , 1970, and Jaffa, 1969b. 
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Animated Field Sequence Mosaics 

These Surveyor 3 mosaics have been combined to form an animated film se¬ 
quence. The mosaics were produced from photographs transmitted April 27, 
1967, between 0958 and 1030 UT during surface sampler trenching operations. 
The film sequence exhibits the crusting effects of the lunar surface ma¬ 
terial and is contained on one 16-mm movie film reel and has a running 
time of 2 min. 


Surface Sampler Motor Current Data 

These Surveyor 7 data consist of plots of surface sampler motor currents 
in amperes versus time. The plots cover three time periods? January 11- 
14, 19-20, and 20-22, 1968. They include retraction, lowering, elevation, 
and extension commands. The data are contained on one reel of 35-mm film. 
For more details and results from the surface sampler experiments, see 
Jaffe, 1971. 


ALPHA-SCATTERING SURFACE ANALYZER EXPERIMENT 

The alpha-scattering surface analyzer was flown on Surveyor 5, 6, and 7 
and performed excellently during each mission. The instrument was designed 
to measure directly the abundances of the major lunar surface elements. 

The instrumentation consisted of two parallel, but independent, charged- 
particle detector systems and six alpha sources (Curium 242) collimated 
to irradiate a 10-cm-diameter opening in the bottom of the instrument 
tvhere the sample was located. One system, containing two sensors, detected 
the energy spectra of the alpha particles scattered from the lunar surface; 
the other system, containing four sensors, detected energy spectra of the 
protons produced via reactions (alpha and proton) in the surface material. 

Each detector assembly was connected to a pulse-height analyzer. A digital 
electronics package, located in a compartment on the spacecraft, continuously 
telemetered signals to Earth whenever the experiment was operating. The 
spectra contained quantitative information on all major elements in the 
samples except for hydrogen and helium. 

On Surveyor 5, the experiment accumulated data during the first and second 
lunar days; however, detector noise posed a problem in the reduction of 
data from the second day. The experiment functioned perfectly and re¬ 
turned high quality data during the first lunar day. 

The Surveyor 6 analyzer obtained a total of 43 h of data. The first 30 h 
are chemical analysis data. The spacecraft hopping maneuver on November 
17, 1967, caused the sensor head to turn upside down. Measurements then 
were obtained on solar protons and cosmic rays for 13 h. 
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On Surveyor 7, the experiment provided data accumulated from three sample 
measurements: (1) undisturbed local lunar surface, (2) a lunar rock, and 
(3) an extensively trenched area of the lunar surface* Data were obtained 
for 48 h during the first lunar day and for 34.5 h on the second lunar day. 
Articles that give more details of scientific results for this experiment 
are Jaffe and Steinbaoher t 1970; Jaffe t 1969b; and Tnx'kevich ct al, t 1970. 


Alpha-Scattering Data 

Alpha-scattering surface analyzer experiment data held at NSSDC are the 
best obtained during mission operations for Surveyor 5, 6, and 7. The 
data include transit operations, alpha and proton data, all available 
commands sent to the spacecraft, and some engineering telemetry. 

For Surveyor 5, the best data resulted from the second sample on the first 
lunar day, from September 9-23, 1967. Surveyor 6 data include stowed 
operations, background operations, and lunar sample analysis obtained from 
November 10-17, 1967, during the first lunar day. The sample measurements 
made during Surveyor 7 operations on the first lunar day, January 10-23, 
1967, and on February 13 and February 18 of the second lunar day, are in¬ 
cluded on the tapes. 

Surveyor 5 data are on three tapes. Surveyor 6 on one tape, and Surveyor 7 
on two tapes. The tapes are 800-bpi, 7-track, binary magnetic tapes gen¬ 
erated on an IBM 7094 computer. The data are blocked 500 words to a phys¬ 
ical record. Engineering and command data are included with the alpha and 
proton science data. The data are merged, but can be separated. 


REFERENCES/SOURCES 
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able. An A-number indicates those documents available from: 

Technical Information Service 
American Institute of Aeronautics 
and Astronautics 
750 Third Avenue 
New York, NY 10017 

N-numbers refer to documents available from: 

National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 


31 





l 





1 




I 




o 


SURVEYOR 


Batson, R. M., "Surveyor Spacecraft Television pi ir .,„ 

3.5, 136S-1372,^IJecembor CM8MSj‘"“ try> " " W ‘V—• 

Batson, II* M # , and K« B # Larson ^ComniHtinn e 

Mosaics," PJiotogram. Fnar * iV? m Surveyor Television 

J m ' LntJV '* SS > K’3-173, February 1967. (A67-21504) 

Behm, II, J, "Results of the Raneer Lunn n t c , 

Aeronautical Sci., ] ’, ». ! f d S '™yor 1 Mlssio »V' 

*•* iq > 101-111, May-June 1967. (AG7-39309) 

ChrlS r?^i, '' r °" Cr ‘ 

De IVys, J. N., "Magnet Iixperiraent," Science 1SR 6X7 

(A68-10470) T-enae, ltd, 632-635, November 1967. 

°^*o!^*^? s SS^ A «£5 ,, SS^SJ^- n S3^^5r^ «; h i u,mr 

1969. (A69-37341) * tence, x6S, 515-517, August 

^“‘'and'processes'-^Post-Sunset S£!S*'.SJ V* Kulp<!r ' " Lu "“ 

332, March 1970. (A7o“9960) ’«torglow, • » loevue, Jr, 230/ 

p jr e ?;r^9 Th , e , "tjsj condi,ioi ‘ <* *■» 

, j.^ui'us, la, -26-229, March 1970. (A70-39959) 

GOld 'l968." S (Ml-3S254) he '" 1Cal 0bservati °" s .” 2S0, 904 -90S, May 

HaP Vtarch U l9 6 T ^24^7, 9 a " d ta “ *•*!.» 

'Photon’™, it iT’wS2-l , SJn P K^« WSTr'tiKL},^ Pll0,0S> " 

Jaffe i97;. D -;A72 B !? 8 1;!, StrenSth ° f lUnar Soil... Moon, 3, 337-345, Oeccnber 

Rev., 9’(4?r 4 e «-6«r?;uir;9b9a f . thC M °° n iy Spacecraft ’" ~' t - 

J affe, L D., "Surveyor Lunar Landings," Science hU 77,1 -«« m 

(A69-30324) b ‘ oC * 774-/88, May 1969b. 

Jaffe, L. D., C. 0. Alley, S. A. Batterson and m ri, • * 

cipal Scientific Results fm.n *1,,, « * d :* ,U Uinstcnson, "Prin- 

190, March mo. ^ ,TO * r! ""-" IS*- 


32 


SURVEYOR 


Jaffo, L. D., S. A. Battcrson, W. E, Brown, Jr., and E. M. Christenson, 
'•Principal Scienco Rosults from Surveyor 5," J. Geophys. Ilea., 73, 
7165-7107, November 1968. (A69-12224) 

Jaffo, L. 0., and R. II. Stoinbacher, "Surveyor Pinal Reports: Introduc¬ 
tion," Icarus, IS, 145-155, March 1970. (A70-3I951) 

i 

l 

Jaffo, L. D., and R. II. Stoinbacher, "Surveyor 7 Lunar Mission," J. Geo - 
phys. Res., 74, 6702-6705, December 1969. (A70-16830) 

Johnson, R, IV., "Lunar Surface According to Luna 9 and Surveyor 1," Astro- 
nautica Acta, 12, 370-383, September-December 1966. (A67-22405) 

Jones, R. II., "Lunar Surface Mechanical Properties from Surveyor Data," 

J. Geophys. Res., 76., 7833-7843, November 1971. (A72-1159S) 

Jones, R. H., II. Y. Ko, R. L. Spencer, and F. B. Sperling, "Lunar Surface 
Mechanical Properties," J. Geophys. Res., 74, 6149-6173, November 
1969. (A70-15063) 

Karafiath, L. L., and E. A. Nowatzki, "Surveyor 5 Landing - The Effect of 
the Slope on Bearing Capacity," Science, 161, 601-602, August 1968. 
(A68-37923) 

Le Croissette, D. M., "Scientific Instruments on Surveyor," IEEE Transcripts 
on Aerospace and Electronic Systems, AES-5, 2-21, January 1969. (A69- 

19850) 

Morris, E. C., et al., "Geology - Regional Setting," Icarus, 12, 161-166, 
March 1970. (A70-39953) 

Phinney, R. A., G. P. Kuiper, D. E. Gault, and II. Masursky, "Lunar Theory 
and Processes - Discussion of Chemical Analysis," Icarus, IS, 213-223, 
March 1970. (A70-39957) 

Smokier, M. I., "Surveyor Television Camera as a Scientific Instrument," 
in Proc. of Soc. Photooptical Itistru. Enjr., 1, 221-231, 1969. (A70- 

13662) 

Surveyor 1 - A Preliminary Report, NASA SP-126, 1966. (N66-29481) 

"Surveyor 1 Mission Report. Part I: Mission Description and Performance," 
JPL-TR-32-1023, Pasadena, California, August 1966. (N66-35948) 

"Survoyor 1 Mission Report: Part 2. Scientific Data and Results," JPL-TR-3 
1023, Pasadena, California, September 1966. (N67-10061) 













SURVEYOR 



"Surveyor 1 Mission Report: Part 3. Television Data," JPL-TR-32-1023, 
Pasadena, California, November I960. (NG7-17160J 

Survoyor 3 - A J'rcliminary Report, NASA SP-146, June 1967. (N67-32582) 

"Survoyor 3 Mission Report. Part 1: Mission Description and Performance," 
JPL-TR-32-1177, Pasadena, California, September 1967. (N67-37596) 

"Survoyor 3 Mission Report: Part 2. Scientific Data," JPL-TR-32-1177, 
Pasadena, California, June 1967. (N67-38161) 

"Surveyor 3 Mission Report: Part 3. Television Data, JPL-TR-32-1177, 
Pasadena, California, November 1967. (N68-30166) 

Surveyor 5 - A Preliminary Report, NASA SP-163, December 1967. (N68-17844) 

"Surveyor 5 Mission Report. Part 1: Mission Description and Performance," 
JPL-TR-32-1246, Pasadena, California, March 1968. (N68-21934) 

"Surveyor 5 Mission Report: Part 2. Scientific Data," JPL-TR-32-1246, 
Pasadena, California, November 1967. (N68-1304O) 

"Surveyor 5 Mission Report: Part 3. Television Data," JPL-TR-32-1246, 
Pasadena, California, July 1968, (N68-36661) 

Surveyor 6 - A Preliminary Report , NASA SP-160, March 1968. (N68-21443) 

"Surveyor 6 Mission Report. Part 1: Mission Description and Performance," 
JPL-TR-32-1262, Pasadena, California, September 1968, (N68-55254) 

"Surveyor 6 Mission Report: Part 2. Science Data," JPL-TR-32-1262, Pasa¬ 
dena, California, January 1968. (N68-20969) 

"Surveyor 6 Mission Report: Part 3. Television Data," JPL-TR-32-1262, 
Pasadena, California, August 1968. (N69-12005) 

Surveyor 7 - A Prelitrinary Report , NASA SP-173, May 1968. (N68-335S3) 


"Surveyor 7 Mission Report. Part 1: Mission Description and Performance, 
JPL-TR-32-1264, Pasadena, California, Pobruarv 1969. (N69-18309) 


"Surveyor 7 Mission Report: Part 2. Science Data," JPL-TR-32-1264, Pasa¬ 
dena, California, March 1968. (N68-S8246) 


"Survoyor 7 Mission Report: Part 3. Television Data, JPL-TR-32-1264, 
Pasadena, California, January 1969. (N09-18310) 


34 


i 


SURVEYOR 


"Surveyor Project Final Report: Part 1. Project Description and Per¬ 
formance," Vol, 1 and 2, JPL-TR-*32”1265, Pasadena, California, July 
1969. (N69-33858 and N69-35753) 

"Survoyor Project Final Report: Part 2. Scicnco Results," JPL-TR-32-1265, 
Pasadena, California, .Jtmo 1968. (N69-29345) 

Turkcvich, A. L., K. P. Sowinski, T. U. liconomou, J. II. Patterson, and 
H. j. Franzgrote, "Alpha Radioactivity of the Lunar Surface at the 
Landing Sites of Surveyors 5, 6, and 7," 10?, 1722-1724, 

March 1970. (A70-25658) 

Wolfe, F. J., and D. R. Montgomery, "Surveyor Lunar Lander Television 
System," IEEE Speetrwn, S, 54-61, August 1966. (A66-38383) 






4 

THE 

LUNAR ORBITER 
PROGRAM 














3 ^ 


Oblique view of Crater Copernicus taken by Lunar Orbiter 2. The distance 
from rim to rim (bottom to center) of the photograph is 90 km (56 mi), 
and the horizontal distance is 27 km (17 mi). The main central peaks are 
approximately 300 m (1000 ft) high. (L02-162H3) 
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THE LUNAR ORBITER PROGRAM 


The Lunar Orbiter program consisted of five spacecraft missions launched 
between August 1966 and August 1967. Hie main purpose of the program was 
to locate smooth, level areas on the Moon's nearside and to confirm the 
areas as suitable for manned landing sites for the Apollo program. To 
accomplish this, photographic coverage at a ground resolution of 1 m was 
required. The area of interest was within 5° of the lunar equator between 
selenographic longitudes 45°E and 4S°W {Levin et at ,, 1968). 

During the first three missions, 20 potential lunar landing sites, selected 
on the basis of Earth-based observations (resolution about 1000 m), were 
photographed from low-inclination and comparatively low-altitude orbits. 
Analysis of the photography indicated that nearly all Lunar Orbiter program 
objectives had been met. Eight promising sites were selected for manned 
landings with additional photography required for confirmation of five of 
these sites. 

The fourth and fifth Lunar Orbiter missions were devoted to broader scien¬ 
tific objectives and were flown in polar orbits. Lunar Orbiter 4 photo¬ 
graphed the entire nearside of the Moon from a high-altitude orbit (60- to 
150-m resolution) and 95 percent of the farside, while Lunar Orbiter 5 
completed the farside coverage. Lunar Orbiter 5 also acquired medium- and 
high-resolution (20 and 2 m, respectively) photography of 36 preselected 
areas containing features of interest and obtained the additional photog¬ 
raphy required for confirmation of the Apollo landing sites. 

With the completion of the five Lunar Orbiter missions, 99 percent of the 
Moon was photographed with a resolution of 60 m or better, which is 10 
times better resolution than the best observations from Earth. 

Most of the photographs were acquired from a near-vertical mode, but some 
were acquired from an oblique mode, which produced some spectacular and 
unique views of the Moon. In general, the nearside was photographed under 
morning illumination. The farside coverage was obtained under evening 
illumination with the Sun's elevation between 10° and 30°. 

The Lunar Orbiter spacecraft (Figure 4-1) weighed approximately 390 kg 
at launch, were 1.5 m in diameter, and were 2 m in length. Solar panels 
supplied the required power. The spacecraft were stabilized in a three- 
axis orientation by using the Sun and the star Canopus as primary referen¬ 
ces, and attitude control was maintained by gas thrusters. Comparative 
spacecraft information is given in Table 4-1. 
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Figure 4-1. The Lunar Orbiter spacecraft. 

In addition to the photographic data, tracking of the spacecraft during 
and following completion of the photographic data transmission provided 
selenodetic information. Micrometeoroid and radiation detectors a so 
provided data. NSSDC holdings include data from the photographic, seleno¬ 
detic, and micrometeoroid studies. These are described in detail in the 

following sections. 

LUNAR PHOTOGRAPHIC STUDIES 

The photographic system ( Broome , 1967) included the s P ac ^^ ft ^ P l '°^°" 
subsystem, the ground reconstruction equipment (ORE), and the 
SuiicaUoL syhem. The photographic system recorded a negative image 
on film that was developed and scanned on board to provide electrical 
signals for transmission to Deep Space Network stations. TOe video sig¬ 
nals from the communications system were fed to the URL, which reconverted 
these signals into photographic images; they were also recorded on mag- 

netic tape. 
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Table 4-1. Lunar Orbitcr Spacecraft Missions 





Mission Name 



Parameters 

Lunar 

Lunar 

Lunar 

Lunar 

Lunar 

Orbiter 1 

Orbiter 2 

Orbiter 3 

Orbitcr 4 

Orbiter 5 

launch Date 

Aug.10,I960 

Nov.bg1966 

Feb.S,1967 

May 4,1967 

Aug.1,1967 

Periselene (km) 



44 

2668 

97 

(minimum) 

40.5 

41 

Aposelene (km) 
(maximum) 

1857 

1871 

1847 

6151 

6092 

Inclination 

12* 

12° 

21® 

85.S® 

85® 

Period (h) 

3.5 

3.5 

3.5 

12 

8.5 (initial) 
3.0 (final) 

Impact 

Coordinates 

161®E 

7®N 

119.1*E 

3®N 

92.70®W 

14.32*N 

22*-30*W 

83*W 

2.79®S 

Impact Date 

Oct.29,1906 

Oct.11,1967 

Oct.10,1967 

Oct.31,1967 

Jan.31.1968 


The photographic system contained a dual-lens camera, a film processing 
unit, a readout scanner, and film-handling apparatus. The two lens sys¬ 
tems, one high resolution and one medium resolution, operated simulta¬ 
neously, placing two discrete frame exposures on a common roll of 70-ram 
film. Each system operated at a fixed f/5.b lens aperture at shutter 
speeds of 0.04, 0.02, or 0.01 s. High-resolution (UR) frames were exposed 
through a 610-mm narrow-angle lens and a focal plane shutter. The medium- 
resolution (MR) frames were exposed through an 80-mm wide-angle lens and 
a between-the-lens shutter. 

The film supply was 79 m of unperforated 70-mm Kodak special high defini¬ 
tion aerial film, type SO-243. This fine-grained film was capable of 
recording 450 lines/mm, which was well above the requirement of 7b lines/ 
mm. The speed of the film was low enough that it was relatively insensi¬ 
tive to the spacecraft environmental radiation. 

Image motion compensation to minimize smearing effects was achieved by an 
electric-optical sensor that viewed the surface and determined the rate of 
the spacecraft's velocity in relation to its altitude 0/H ratio), rite 
sensor output was used to drive the camera film at the proper rate to in¬ 
sure image motion compensation. The sensor also controlled the spacing o 

exposures. 

The axes of the two lenses were coincident so that the UR frame was cen¬ 
tered within the MR frame. Exposure times were recorded in digital form 
alongside the MR frames. The smallest reading ot time was U.l s. 
exposed on the frames included gray scale, resolution bars to permit later 
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calibration and evaluation, readout operation markings, and framelet num¬ 
bers for reassembly. 

The Kodak Bimat diffusion transfer technique was used for onboard film 
processing. The film entered the processor and was laminated with the 
processing web which had a slightly damp gelatin layer. The web had been 
soaked in a monobath processing solution before being loaded into the 
spacecraft. The monobath solution developed the film to a negative image 
and transferred the undeveloped silver ions to the web where they were re¬ 
duced to a positive image in 3.5 min (essentially the technique used for 
Polaroid Land black and white film). Coming off the processing drum, the 
negative and positive films separated; the negative film went through the 
drying section (no use was made of the positive) and then to the readout 
scanner. It was possible to read out selected portions of the film before 
photography was completed. 

The readout scanner converted the photographic images into electrical sig¬ 
nals by scanning the negative with a microscopic spot of high-intensity 
light from a special cathode-ray tube whose phosphor layer was coated on 
a rotating cylindrical metal anode. The scanner lens focused a 6.5-]im 
spot of light that traced a line 2.68 mm long on the film parallel to the 
film edge. One scan line (or raster) traverse required 22 s in which the 
electrical scan was repeated over 17,000 times. Before it started across 
the film in the reverse direction for the next trace, the film was moved 
2.54 mm. in the readout gate. 

The resulting sections of film scanned in this manner, referred to as frame- 
lets (composed of 16,359 lines in a raster), are the basic units used for 
ground reassembly. A complete dual exposure scan took 43 min to complete: 
less than 10 min for the MR photographs of 26 framelets and less than 34 
min for the HR photographs of 86 framelets. 

A photomultiplier tube converted the intensity variations to an analog 
electrical voltage, and the readout system electronics added timing and 
synchronization pulses forming the composite video signal. Thus, it was 
possible to transmit continuous variations in density rather than the dis¬ 
crete steps associated with a digital system. 

The video data coming from the photographic subsystem were recorded on mag¬ 
netic tape and also were fed to the GRE where they were converted into 
intensity-modulated lines on the face of a cathode-ray tube. In a contin¬ 
uous-motion camera, 35-mm film was pulled past the image of this line and 
recorded each readout framelet at 7.18 times the spacecraft image size. 

This recording film was cut into 35-mm film framelets that were then re¬ 
assembled into enlarged replicas of the original spacecraft frames. 
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Medium-resolution photographs were completely reassembled in one frame 
from over 26 35-mm framelets. Complete high-resolution photographs con¬ 
tain 86 framelets that were assembled in three separate frames with some 
overlap; therefore, a full HR photograph is composed of three frames. 
NSSDC reproductions of these frames contain the designations II for high 
resolution and M for medium resolution as part of the frame number. See 
Table 4-2 for comparative photographic mission information. 


Table 4-2. Lunar Orbiter Photography 


Parameters 

Umar 
Orbiter 1 

Lunar 
Orbiter 2 

Mission Name 

Lunar 
Orbiter 3 

Lunar 
Orbiter 4 

Lunar 
Orbiter 5 

Acquisition Dates 

Aug,18-29, 
1966 

Nov.18-25, 
1966 

Feb.15-23, 
1967 

May 11-26, 
1967 

Aug.6-18, 
1967 

Quantity of Frames 






High Resolution 

42 

609 

477 

419 

633 

Medium Resolution 

187 

208 

149 

127 

211 

Altitude Range (km) 






Periselene 

44 

41 

44 

2,668 

97 

Aposelene 

1,581 

1,519 

l,4t>3 

6,151 

5,758 

Framelet width (m) 
at Periselene* 






High Resolution 

200 

170 

18S 

11,350 

420 

Medium Resolution 

1.S00 

1,300 

1,400 

85,100 

3,200 

Highest Resolutiont (m) 






Periselene 

8§ 

1 

1 

58 

■> 

Aposelene 

27SS 

33 

32 

134 

125 


♦Estimated from supporting data and verified in other documents♦ 

tHighest resolution obtained by high-resolution system. Formula is R « H/4b. 

(Medium resolution: R » H/5.75.) 

IMediura-resolution system; high-resolution system malfunctioned early in photographic 
sequence, but did achieve resolutions of 1 m at periselene and 35 m at aposelene. 


On the photographs, white reseau marks may be discerned that were pre¬ 
exposed on the film for geometrical and photogrammetrical recovery. 
Blemishes appear on some photographs in the form of lines (dropouts in 
the readout), sharp triangles (artifacts from film-processing equipment), 
and dots, circles, irregular marks, and freckles (Bimat processing faults). 
For more details on the camera system and the photography see the refer¬ 
ences listed at the end of this section. 
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Photographic Data 

Various versions of the photographic data have been produced bv Langley 
Research Center (LaRC), the Army Map Service (AMS, now Defense Mapping 
Agency Topographic Center), Lastman Kodak, and the Booing Company. Compu¬ 
ter corrections, enhancements, brightness, and other variations were ap¬ 
plied to the original video output. For example, AMS used a Logetronic 
printer to compensate for large density variations; LaRC used video tape 
enhancement techniques to prepare prints of overexposed wide-angle photo¬ 
graphs, and Kodak used a reassembly printer. 

Of the types of photographic products generated, the quality of those from 
LaRC are so much better that LaRC data alone are announced here as available 
from NSSDC. They are summarized in Table 4-3 and are described individually 
in the following sections. Available supporting data are also listed in 
Table 4-3 and are described in the following sections. (The magnetic tape 
recordings of the imagery have not been deposited at NSSDC.) Hie NSSDC ID 
numbers, necessary for ordering photographic data, are listed in the Index 
to Available Data. 


Table 4-3. Lunar Orbiter Photographic Data at NSSDC 


Mission 


Photographs 


& * 
A. 


y,ooo 
1 12) 


Jr * 


A* 

«? 


/A 

j 


// / 

f & / c? 

/ * / A * 

4^ /£■<* , 


A* 

' C * 
A > 


Supporting Data 
\ssiu;/ / 

T /i / 

f // / 

/A A . > 

. /$ A > y 

/ ts? ** /e? ^ c / 


Lunar Orbiter 2 


Lunar Orbiter 3 


Lunar Orbiter 4 


Lunar Orbiter 5 


2,600 

285) 


li) ,050 
(183) 

18,000 

(175) 

50,0bO 

(208) 




Ail missions on same tape, film reel, or set of microfiche cards 
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NSSDC prepared a Delta Users Note (DUN) , Lump Ophite)* Phuloyrai'hva oa,-a 

(NSSUC 69-05, June 1969), to provide information necessary for selection 
of Lunar Orbiter photography and guidance in interpreting the photographs. 

All photographic products (LaRC, Boeing, /VMS, and Kodak) are described in 
this DUN and are available, if desired, from NSSDC. I he DUN also desciibes 
the camera system and data reduction procedures. It provides useful tables 
and charts of the photographic coverage of the lunar surface by the Lunar. 
Orbiters, quality charts, and a bibliography. A Data AnnounocrncnL Pulletin 
(DAB), Status of Availability of Lunar arbiter TV Pieturv Data (NSSDC/KDC- 
A-RSS 7b-02). was published in February 1976 to update information on NSSDC 
data holdings. It is recommended that these publications be obtained from 
NSSDC before requesting Lunar Orbiter photographic data. 

LaRC* First Generation 35-mm Framelets 

First generation negative 35-mm film reels for each mission contain the 
individual framelets for each Lunar Orbiter photograph, lhese complete 
sets were produced by Langley Research Center from zero generation posi¬ 
tives recorded by the ground reconstruction equipment at the ground re¬ 
ceiving stations. These framelets are useful for a detailed analysis of 
lunar surface features. 

LaRC Hand-Assembled Regenerated Frames 

Complete sets of enhanced Lunar Orbiter photography, consisting of first 
generation negative 51-»x 61-cm (20- x 24-in.) film sheets, were prepared 
by LaRC. 'Hie 35-mm framelets, assembled to make the film sheets, were 
produced from the original station video tapes by electronically proces¬ 
sing the video signal prior to input to the ground reconstruction equip¬ 
ment (GRE). 

LaRC used two enhancement procedures. One procedure involved varying the 
parameters of gain function, signal gain, and signal offset to optimize 
detail and contrast in the photographic data. 'Die other procedure used an 
electronic mask to reduce the undesirable density gradients across.the scan 
and framelet. Both procedures required point-by-point exposure adjustments. 

The enhanced photographs generated from the GRE were 35-mm positive trans¬ 
parencies. These positive framelets were assembled in a 51- x 61-cm (20- 
x 24-in.) format from which contact negatives were made. One complete 
medium-resolution photograph (approximately 26 framelets) is contained on 

*The abbreviation LRC appears on Langley Research Center data products 
and in NSSDC documentation prior to 1976. 
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one sheet, and one high-resolution photograph (approximately 86 frame lets) 
requires three sheets. Because the photographs were controlled for sur¬ 
face dotail, photomotric studies arc not recommended. 


Microfiche Catalog of LaRC Photography 

enhanced Lunar Orbiter photography for each mission is contained on 10.2- 
x 15.2~cm (4- x o-in*) microfiche cards. These cards were prepared by the 
California Institute of Technology (Cal Tech) from Langley Research Center 
positive film transparencies. Each card contains up to 60 numerically 
arranged images. In instances where a frame was not enhanced, "Frame Is 
Not Available" appears in the appropriate location. The primary use or 
this catalog is for selection purposes; however, the photography is good 
enough to be used for some scientific studies. 


Boeing Company Revised Photographic Supporting Data 

These supporting data for analysis of the Lunar Orbiter mission photog¬ 
raphy were compiled by the Boeing Company and generated in January 1970. 
This version is the most accurate and complete photographic supporting 
data available. In addition to items extracted for the NSSDC photographic 
supporting data (see below), detailed camera and spacecraft parameters are 
included. These data are on one Univac 1108 computer-processed, time-or¬ 
dered, binary, 7-track, S5b-bpi tape. NSSDC also holds a duplicate tape 

processed on an IBM 7094 computer. 


Photographic Supporting Data 

Photographic supporting data, necessary for the analysis of the Lunar Or¬ 
biter photographs, were selected from the Boeing Company's most recent 
(1970) version of supporting data. Both NSSDC and the California Institute 
of Technology (Cal Tech) have prepared these data. 

The NSSDC and Cal Tech data art both ordered by mission and frame number 
and include the time of each exposure, spacecraft altitude, the spacecraft 
north deviation, photograph illumination parameters, latitude and longitude 
of the principal ground point, and corner coordinates and side lengths of 

each image area. 


The NSSDC data also include the spacecraft swing angle, tilt azimuth, la¬ 
titude, and longitude, as well as the photograph tilt distance. In addition, 
NSSDC prepared two brief listings: position parameters and illumination 
parameters, which are also ordered by mission and frame number. The NSSDC 
data were published in "Lunar Orbiter Supporting Data" (NSSDC 71-13, May 
1971) and are available on lo-mm microfilm and on microfiche cards. 
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The Cal Tech data provide the f-.rd ovetlep cSS. 

stant (highest resolution for thefrom >* ors arc not in tho NSSDC 
axis (spacecraft to surface). Th .P tapes, where more than 

data. When extracting the data from the ^ t ^° y ‘ Cal Tcch . The Cal 

one record existed, the bet-tor da f . . car ds and will be supplied to 
Tech data are available on nine microfiche cards ana win 

requestors unless NSSDC data are specified. 


Interim Photograph-Site Accuracy Calculations 

These data ate the results of i«eri» caUulatio,,, uade by th^hoe.ng 


These data are the results --- _ 1 . oto „ raph . s ite accuracy 

Company to produce final re P or * d °J* fn ree ls. The calculations in the 

£x.*es£ p“ sr^nr- *»venous 

iterations, sequences, and models. 


SELENODESY EXPERIMENT 


ShLtNUUtOT tArliui'iwn» 

for- the selenodesy experiment included a power source. 
The instrumentation for the selen y jj, t0 obtain information for 

an omnidirectional antenna, and a , P hysica i properties of the Moon, 

determining the gravitational field and Wj£ £|, e spacecraft from liarth 
High-frequency radio signals were re stations to provide Doppler 

tracking stations and retransmitted ti £ s (range). Uo 

frequency measurements (range rat ) P^ l on g an IBM 704 4 computer in 
telemetry data were ™They were then displayed on 100- 

con junction with an IBM lottars an d bulk printers for analysis, 
wpm teletype machines, X-Y plotters, anu uui y 


Data coverage was continuous .^ 1 ^® e tl ( l® s ^ a ® C p b ase W ^d V the first several 
Information was acquired duri 8 extended mission (from the end 

orbits of the Moon as well as during the U u ranging, hour 

of the photographic mission to lun 1 were accumulated during 

angle point, and ^available from NSSDC. The 

qua5uy 8 of1ecord C e°d n daia ranges from good to excellent. 


Selenodesy Experiment Data 


Seieno oesy Expe riment 

The magnetic tapes contain!,ng *££££ 

hour angle point, and declination poi t ^ ^ £nJo]( to Available Data 
fo°obXf .X.SXS'Sw»numbers'thut arc necessary when ordering 
these data. 
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Table 4-4. Selenodesy Data Tapes at N’SSDC 


Tracking Data Processor Or'iit Determination Program 


Mission and 
Time Period 

Lunar Orbiter 1 

Aug. 10 - Oct. 28, 1960 

Lunar Orbiter 2 

NOV. 6, 1966 - Oct. 11, 1967 

Lunar Orbiter 3 
Feb. 5 - Oct. 9, 1967 

Lunar Orbiter 4 
May 4 - July 11, 1967 

Lunar Orbiter 5 

Aug, 1, 1967 - Jan. 31, 1968 


Haw Data Tapos 
Blocked I Unblocked 


Modified Data Tapes 
Blocked I Unblocked 


The Tracking Data Processor tapes contain the data in an essentially raw 
form. The data were converted to a common system of units, oriented to 
time and station, and checked for authenticity by the Jet Propulsion Lab¬ 
oratory (JPL). These JPL tapes are available in an unblocked format. Hie 
data from these tapes were combined and blocked by NSSDC to produce one 
tape per mission of blocked raw data. 

Modified selenodesy data tapes were created at JPL by processing the raw 
data with the Orbit Data Generator (ODG) program to produce the Orbit 
Determination Program (OOP) file. The raw data were modified b> stripping 
the Doppler bias, correcting the angular data, associating frequency with 
the Doppler bias, ami labeling the time blocks. These JPL tapes are avail¬ 
able in an unblocked format. N’SSDC combined and blocked the data from these 
tapes to produce one tape per mission of blocked modified data. 

The selenodesy tapes, both blocked and unblocked, are 7-track, 55(>-bpi, 
binary tapes created on an IBM 70B4 computer. 

METEOROID EXPERIMENT 

Twenty pressurized coll detectors of 0.025-nun thick beryllium-copper pro¬ 
vided diroct measurements of the rate of meteoroid penetration in the 
near-lunar environment. The detectors were arranged on the tank deck 
periphery. The detector walls were ').00127 cm thick, bach cell was a 
helium-pressurized semicylinder with a pressure-sensitive microswitch 
that remained closed until puncture of the cell's surface released the 
pressure. Meteoroid hits were recorded by discrete telemetry channel 
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stnte changes. The total exposed area of the detectors was 0.282 m', and 
the effective arou after shielding by other components was 0.18<» m'. 


Micrometeoroid Penetration Data 

Tclemotry data obtained during the five Lunar Orbiter missions indicated 
that microinetcoroid penetrations occurred on all missions except Lunar 
Orbiter 1. Telemetry data were obtained until impact (see Table 4-1) on 
all missions except Lunar Orbiter 4, which ceased communications on duly 
17, 1967. The following list gives hit information and the time period 
when hit data were acquired on each Lunar Orbiter mission. 


Mission 

Lunar Orbiter 1 
Lunar Orbiter 2 
Lunar Orbiter 3 
Lunar Orbiter 4 
Lunar Orbiter 5 


Hits 


Time Period 

Aug. 10 - Sept. 14, 1900 
Nov. 13, 1900 - Sept. 24, 1907 
Mar. 20 - Sept. 24, 19o7 
May 10 - May 19, 1967 
Aug. 7, 1967 - Jan. 21, 1908 


A summary of micrometeoroid data from the Lunar Orbiter missions is con¬ 
tained in Lumr Orbiter Meteoroid Experiment: Deseriptton and Iicem to 
from Five Spaoeoraft by G. W. Grew and C. A. Gurtler (NASA T.> D-0200, 
June 1971). The results of the Lunar Orbiter mission data are compared 
with the Karth-orbiting Lxplorer 10 and 23 mission results for similar 
detectors. This document is available from NSSDC on one microfiche card 
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Apollo 15 70-mm Hasselblad photo¬ 
graph (left) with 500-ram focal 
length lens on the lunar surface. 
Taken toward the western wall (>25° 
slope) of Hadley Rille, 20 m of 
layered outcrop of the Weaver for¬ 
mation is visible as is fracturing 
of the lava. (ASiS-84-11250) 


Apollo 17 70-mm Hasselblad photo¬ 
graph (right) with 80-mm focal 
length lens from orbit. Crater 
Taruntius (60 km) appears in the 
center with Crater Cameron on its 
rim. At bottom is Glaisher (10 
km). (AS17-149-22792) 


Apollo 16 panoramic photograph of the lunar farside. Large crater at 
left is King Crater with Y-shaped central peak complex. (AS16-4998) 
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THE APOLLO PROGRAM 


The Apollo program was designed to land men on the Moon and return them 
safely to Earth. The earlier spacecraft in the program were test vehicles 
that evolved in complexity and demonstrated the spaceworthiness of the 
launching vehicle, the Command Module (CM), the Service Module (SM), and the 
Lunar Module (LM). (The CM and SM, when referred to together, are identi¬ 
fied as CSM.) The Apollo 7 was the first manned flight of the program and 
was an Earth-orbiting mission as was Apollo 9, which tested the performance 
of the Lunar Module. These missions are not discussed in this Catalog. 

The Apollo lunar missions were informally divided into series, each series 
having similar spacecraft configurations, number of experiments, and com¬ 
plexity of tasks. Specific information on these missions is given in Table 
S-l. 


The "G u series spacecraft, Apollo 8 and 10, were designed to test the CM 
and LM components while orbiting in the vicinity of the Moon. Apollo 13 
was also designated a G-series mission because its mission was limited to 
lunar orbit. Apollo 8 was the first manned mission to the Moon and con¬ 
sisted of only the CM. On Apollo 10, the CM, SM [which housed the scien¬ 
tific instrument nodule (SIM)], and LM were included. Tasks required the 
LM to separate, descend to within 15 km of the lunar surface, and return to 
the CSM and dock. Apollo 13, originally planned as a landing mission, was 
reassigned a lunar orbiting mission when a malfunction prevented lunar 
landing. Apollo 13 orbited the Moon and photographed the lunar surface 
as did Apollo 8 and 10. On the Apollo 10 and 13 missions, the LM and CSM 
combination craft returned to the vicinity of the Earth, the LM and SM 
were jettisoned prior to reentry, and the CM returned to Earth. In the 
other missions, the LM was jettisoned in the vicinity of the Moon prior to 
transearth coast. 

The first three landing missions were designated the "H" series: Apollo 
11, 12, and 14. These spacecraft were almost three times heavier than the 
G-series spacecraft. On these missions, two astronauts landed on the Moon 
in the LM, while the third astronaut remained in the orbiting CSM perform¬ 
ing experiments. With each mission, surface stay time and life support 
facilities were considerably extended. Mobility of the astronauts was 
limited to within 100 m of the LM on Apollo 11 and to within 1.5 km on 
Apollo 12 and 11. 

The complexity of experiments and tasks to be performed on the surface and 
in the CSM also increased with each mission. An experiment package was 
carried to the lunar surface. The package was known as the Apollo lunar 
surface experiment package (ALSEP) on Apollo 12 and 14 through 17 and known 
as the early Apollo surface experiments package (EASEP) on Apollo 11. Some 
of the surface experiments, such as sample collection, soil mechanics, and 
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Apollo Series 
and Spacecraft 
Mission 


Table 5-1. Apollo Lunar Missions 


No* of 
Experiments 


Crew 


Total 
Mission Time 
Period 


Orbit Period 


SERIES G 




Apollo 8 


Borman (CDR) 

Dec. 21 - 27, 1968 

Command Service 


Lovell 


Module 

1 

Anders 


Apollo 10 


Stafford (CDR) 

May 18 - 26, 1969 

Command Service 




Module 

1 

Young (CMP) 


Lunar Module 


Ceman (IMP) 


Apollo 13 


Lovell (CDR) 

April 11 - 17, 1970 

Command Service 


Swigert (CMP) 


Module 

1 

Haise (IMP) 




SERIES H 

Apollo 11 


Armstrong (CDR) 

July 16-24, 1969 

Command Service 
Module 

7 

Collins (CMP) 


Lunar Module 

5 

Aldrin (LMP) 


Apollo 12 


Conrad (CDR) 

Nov. 14 - 24, 1969 

Command Service 
Module 

12 

Gordon (CMP) 


Lunar Module 

10 

Bean (LMP) 


Apollo 14 


Shepard (CDR) 

Jan. 31 - Feb. 9, 1971 

Command Service 
Module 

7 

Roosa (CMP) 


Lunar Module 

12 

Mitchell (LMP) 



SERIES J 

Apollo 15 


Scott (CDR) 

July 26 - Aug. 7, 1971 

Command Service 
Module 

14 

Worden (CMP) 


Lunar Module 

12 

Irwin (LMP) 


Subsatellite 

3 


Aug. 4, 1971 - Jan. 1973 

Apollo 16 


Young (CDR) 

Apr. 16 - 27, 1972 

Command Service 
Module 

15 

Mattingly (CMP) 


Lunar Module 

11 

Duke (LMP) 


Subsatellite 

3 


Apr. 24 - May 29, 1972 

Apollo 17 


Ceman (CDR) 

Dec. 7 - 19, 1972 

Command Service 
Module 

11 

Evans (CMP) 


Lunar Module 

14 

Schmitt (LMP) 



solar wind, were conducted on the surface and returned to Uarth, while other 
instrumented experiments were left on the surface and continued to acquire 
data, further discussion of these experiments is contained in the section 
on Lunar Surface bxpcriments. 
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Table 5-1. (concluded) 


Periselene Aposelene 
(km) (km) 


Landing Site Coordinates 
(area) 


Lunar Surface Time 


23.49°E, 0.67°N 
(Mare Tranquillitatis) 


23.45°W, 2*94°S 
(Oceanus Procellarum, 
near Surveyor 3) 

17*4592°W, 3.b707°S 
(near Fra Mauro) 


July 20-21, 19b9 


Nov. 19 - 20, 19b9 


Feb, 5 - b, 1971 


26° 

90 

115 

29° 

102 

141 

12® 

94 

123 

151® 

103,5 

13b 

23® 

100 

130 


3.b550°E, 2b»l090°N 
(Apennine Mts* £ Hadley Rille) 


July 3U - Aug. 2, 1971 


lb°H, 9°S 
(Descartes region 


Apr. 21-24, 1972 


30*80°U, 20.1bb7°N 
(near Littrow ti Taurus Mts.) 


Dec. 11-14, 1972 


The final Apollo missions. Apollo Z SSHi 

These spacecraft were twice ^sjeavy^ ^ j-scries spacecraft components 

In^dditio^to'the ALSliP. the lunar roving vehicle (LUV) nos carried on the 
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Figure 5-1. Apollo J-series spacecraft components: Apollo Command and 
Service Module (CSM), Lunar Module (LM), and Lunar Roving Vehicle (LRV). 


LM and enabled the astronauts to drive on the lunar surface, which extend 
ed their range of activity to within a 3.5-km radius of the LM. The stay 
time on the surface was extended, and the number of deployed experiments 
was increased. On Apollo 15 and 16, subsatellites (SSs) were carried in 
the SIM and released to orbit the Moon. (See Preliminary Science Reports 
for each mission for more details on experiments. These are included in 
the References/Sources section.) 

For all of the landing missions, the LM lifted off the lunar surface and 
rendezvoused with the CSM. After docking, the astronauts reentered the 
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CM, and the samples and equipment were transferred. The LM was jettisoned 
and crashed on the lunar surfaco prior to transearth coast. The CSM re¬ 
turned to the vicinity of the Harth, the SM was jettisoned, and the CM 
reentered the Harth's atmosphere and splashed down. 


COMMAND MODULE AND SERVICE MODULE EXPERIMENTS 

Orbital science experiments and science photography were performed on the 
Apollo missions during lunar orbit. An S-band transponder that tracked 
the spacecraft provided the data that were used to gain information on 
lunar gravitational fields; a bistatic radar experiment determined lunar 
properties; a gamma-ray spectrometer provided data for geochemical mapping 
of the surface; an X-ray fluorescence experiment provided information for 
surface composition mapping; an alpha particle spectrometer determined the 
lunar surface radioactivity evolution; a mass spectrometer obtained com¬ 
position data; a far UV spectrometer measured radiation intensity; and a 
lunar sounder experiment was used for surface and shallow subsurface map¬ 
ping purposes. These experiments are described following the photographic 
experiment sections. 

Several types of cameras were used during the Apollo missions to perform 
the photography experiments, and these cameras are listed in Table 5-2. 

The Hasselblad, Maurer, and TV cameras were used on the CM and on the lunar 
surface; the Hycon and Nikon were used only on the CM; the closeup stereo¬ 
scopic camera and the far UV camera/spectrograph (Schmidt camera) were 
used only on the lunar surface; and the panoramic camera and the mapping 


Table 5-2. Cameras Used foi Photography experiments 


Mission 

Hassel- Stereo- Far UV Camera/ Mapping 

blad Maurer scopic Hycon Nikon TV Spectrograph* Camera System Panoramic 

Apollo 8 

Apollo 10 

Apollo 11 

Apollo 12 

Apollo 13 

Apollo 14 

Apollo 15 

Apollo 16 

Apollo 17 

X X 

X X 

X XX 

X XX 

X X 

X XXX 

XX XX XX 

XX XXX XX 

XX XX XX 


♦These data are described in the Lunar Surface experiment section. 
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camera system (which includes the stellar camera and the laser altim¬ 
eter) were used in the SM. Because of the overlapping coverage, dis¬ 
cussion of the lunar surface and SM photography will be included in 
this section, with the exception of the far UV camcra/spcctrograph. 

The objectives of the photography experiments in the Command Module were 
to obtain coverage of areas of geologic interest; near-terminator areas; 
areas not previously photographed; multispectral, vertical, and oblique 
stereo strips of nearside and farside regions; areas in earthshine; solar 
corona; zodiacal light; and to perform various maneuvers for future ex¬ 
ploration and training purposes. 

Lunar surface photographic objectives were to obtain metric and stereo 
photographs of emplaced experiments and their operation and of geologic 
samples and their surrounding areas; full panoramas of the landing site; 
motion pictures of the LRV (missions 16 and 17); and LM descent and ascent 
sequences. 

The Service Mo lule photographic objectives were (1) to obtain photographs 
of the lunar surface, stellar photographs, and laser altimeter data simul¬ 
taneously and (2) to obtain panoramic photographs of the lunar surface 
with stereoscopic and monoscopic coverage. 

In the following sections, the cameras and their photographic products 
available from NSSDC are discussed followed by a discussion of the orbit¬ 
ing science experiments. NSSDC ID numbers, necessary when ordering these 
data, are provided in the Index to Available Data. To order Apollo pho¬ 
tographic data, it is recommended that the appropriate Data User's Note 
(DUN) or Photographic Data Package be acquired. These documents are listed 
on the order form. They were prepared by NSSDC at the completion of each 
Apollo mission and contain descriptions of the cameras and index maps. For 
the earlier missions, frame numbers and image descriptions are included, 
but for Apollo 15, 16, and 17, this information is obtained by ordering 
photographic indexes as described in the following sections. Earth photo¬ 
graphs are not held at NSSDC, but can be obtained from the Earth Resources 
Observation Systems (EROS) Data Center. 

U.S. Department of the Interior 

U.S. Geological Survey 

EROS Data Center 

Sioux Falls, South Dakota 57198 


HASSELBLAD 70-mrn PHOT 'GRAPHY 

Ilasselblad 70-mm came is were carried on all the Apollo spacecraft. Two 
were used on Apollo 8, 10, and 13; three on Apollo 14, 15, lb, and 17; and 
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four were on Apollo 11 and 12. llassclblnd camera settings and ranges are 
shown in Table 5-3. 


Table 5-3. Hasselblad Camera Settings and Rangos 




Film Magazine Capacity; 

Blank and white ~ 190 frames 

Colot - thin base - loo frames 

Color - standard base - 100 frames 


Focal length 

(nun) 

38 

to 

80 

105 (UV) 

250 

500 

Focus (ro) 


0.S • 00 

0.9 - ^ 

1*9) 

00 

2,b - « 

8.5 - » 

Aperture 



f/3.6 - {/22 

f/2.8 - f/22 

f/4.3 - f/8 

f/S.b - f/45 

f/8 - f/64 

Shutter Speed 

(s) 

1 - 1/SQ0 

1 - 1/S00 

1 - 1/S0Q 

20 - 1/500 

1 - 1/500 

1 - 1/500 

Field of View 








Side 


71.7* 

49.2* 

37.9* 

29.4* 

12.S* 

b.2° 

Diagonal 


91.1* 

66° 

SI.8* 

O 

o 

• 

17.0* 

8.8* 


Two Hasselblad cameras were used in the CM on all missions. They were 
normally fitted with an 80-mm focal length, f/2.8 Zeiss planar lens. The 
cameras also used a bayonet-mount, 250-mm lens for long distance Earth 
and Moon photography. On Apollo IS, 16, and 17 missions, a 105-mm focal 
length, f/4.3 Zeiss UV Sonnar lens was fitted to the camera for UV photo¬ 
graphs. For these photographs, the camera was aimed through a CM windcv 
that had an annealed-fused silica covering to prevent blockage of UV radi¬ 
ation. 

Generally, two Hasselblad cameras were carried in the LM, and coverage on 
the lunar surface was acquired with 60-mm focal length lenses. A SOO-mm 
lens was also used on Apollo 15, 16, and 17, usually with black and white 
film, to photograph distant surface features, the CSM in orbit, and earth- 
rise. The cameras were handheld and also could be bracket-mounted on the 
astronaut's environmental control unit or on the LRV for extravehicular 
activity (EVA) photography. The SOO-mm lens was also used for CM photog¬ 
raphy on Apollo l2 and 14 through 17, and a 38-mm lens was available on 
the Apollo 11 mission. 

Both color and black and white film were used. Color film included SO-368 
(medium speed), SO-104, SO-168, and SO-174. Black and white film included 
2485 (very high speed) for orbital photography and 3400 and 3401 for sur¬ 
face photography. Figure 5-2 is a sample Hasselblad photograph obtained 
on the Apollo 15 mission. 

The Hasselblad cameras were also used to perform the multispectral photog¬ 
raphy experiment on Apollo 12. Four Hasselblad cameras were each fitted 
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Figure 5-2. Sample Husselblad photograph (.enlarged 2 times) 
obtained near the Apollo 15 landing site with the 500-nun 
lens showing the layering in the Silver Spur mountain in the 
Apennines region. (Apollo 15: ASla-84-0ll2aU) 


with a different filter: neutral, blue, red, and green. Using infrared 
black and white film type SO-240 with the black filter and black and wnitc 
film type 3401 with the other filters, the photographs were simultaneously 
exposed. These pictures provided stereo strips of potential lunar landing 

sites. 


Hasselblad Photography Data 

The Hasselblad camera photographic products available from NSS1K.. are listed 
in Table 5-4. The NSSOC ID numbers, necessary for ordering these data, are 
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. . i i i,, ll(iMf*vur. because frame number:’, 

listed in the Index to Avsii « ' is "recommended that the appro- 

arc also necessary for ordering data, it ' uu on the order 

nr late i«>lo Unrva or Phoioj^n, r Knt-a h^a>< < It led on 

form) bo obtained prior to orderinp, photo).rapid.. 


Hasselblad 70-hnn Photoyraphs 


IlflMBIMIUW ....^ ^ ■ 

au *.«■«..» 

;ifo uvuliable trom NbSHC* ivitiDJi ^ runu \ iImiji 

are avai***w*v _ ,. cc . 1( . available from PROS.) aest uai.t 

the film aval la o j “ d b ’ black un j white photographs obtained on 

include both the color anu me u* . . rM vities. bach frame is 

the lunar surface and those obtained du t ’ ‘ i 18-l‘»o 17. The first 

identified by an alphanumeric: code, , K>xt tw0 nUJl ,|,ers are the 

two letters, Ab, stand f^A,o^ ^ ^ muga2lnu> unU the last five 

are the’tame number. Therefore, ASlb-118-10017 indicates Apollo m.ssion 
16, magazine 118, Hasselblad frame 19017. 

Photometric end logctronic processes "^re used by the, Mack 
nologr Laboratory at th^ohnson ^ara printer, 

and these renditions are the ones to he used for photometric and photo- 
grammetric (albedo) analyses. The ^ toch- 

contact printer with exposure con ro t degrade the resolution, 

niques improve the overall contrast but o * iJ r ic calibration of Apollo 
(See Bovgeaon and Batson, 19b9, tor pnoxofci owuiv 

cameras.) 

The Hasselblad photographs are availoble^as negatives^film transparencies, 

and contact and enlarged print . 1 liuht struck, over or underex- 

but occasionally there are frames that arc light Hasselblad 

posed, doubly exposed, or show motion. 1 igurc a ■> I 

70-nun photograph. 


Photographic Catalogs 

A complete set of 70-,- Hasselblad 

cards for cafalo^purposes Note^^thCblndcx^d ^ sefs 

missions 8, 10, l-> and * ... b rs color and black and white 

have been given different ^ ™ and for missions 15 

appear together in the Apoll^Uc"-.^ , )hiu , fol . S clection of both color 

"ctand vuhitc photographs » 

Dermit 8 1 imito^scient1 fi'c study, the microfiche prepared by the Califonu 
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Figure 5-3. Sample Hasselblad photograph (enlarged 2 times) 
showing area west of the Apollo 11 landing site. Largest 
crater is Sabine with Hypatia graben rilles below. (Apollo 
10: AS10-32-4759) 

institute of Technology (Cal Tech) for missions 15, 10, and 17 have some 
illegible frame numbers, while those prepared by NSSOC are legible. The 
latter should be used for ordering reproductions. 

For missions 15, 16, and 17 onl*^ogs arc also available on lo-mm micro¬ 
film, Again, the quality is su. r ficiontly good in some cases to permit 
limited scientific studies. 
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Photography Indexes available on 

Complete sets of 70-mm Hassclblad photography^^ ^ ^ ^ roissionS . 

microfiche and on 16-mm * 1 f ofl1 ” mbor P rV A surface activity, orbital 
information included is: frame ^er^LVA^ur point longi tude 

revolution number, lens focal ^ » Sun elevation , and description of 
and latitude, camera tilt and azim » pag0> the magazine desxg- 

the photographic content. indexes are arranged both by frame 

nations and film type 8 , ncr ements of 10°. For some missions, these 

tv surface and orbital photography. 


sreis 4 o f b l nS; 

lution number, magazine“J d idi J s uniV ersal time), camera parameters, 
Greenwhich mean time (GMT) ( data are on magnetic tape prepared 

bf the 5 Lockheed Electron!cs Company ’ ^^’ ^^^aisoipublisherin "Lun- 

^ Area -" 640 ' TO ' 025 ' 

n/'tnher 1971* 


Panoramic Mosaics 14 jma is. They 

These composite mosaics are ^ a ^ a J; e u °£ aC e°in the’vicinity of the Apolio 
provide panoramic views o£ *^ t ^ d S £ om ad joining frames of the 70-mm 
landing sites. They were constructed as 10 2- x 12.7-cm (4- x 5-in.) 
Hasselblad photography and panoramas are on 20.3- x 25.4-cu 

negatives and positives. The Apol P e mosaic from the Apollo 12 mis- 

(8- x 10-in.) film. K f ur t.," pi V es EVA P traverse stop number and cardma 
sion. Information on the film gi ^ lg mosaics are also available on 

direction faced. In , addl **™’ re pre pared for catalog purposes, 
three microfiche cards that were preparea 


Nultlspeetral Photographs u to obtain 70 . m photographs 

Four Hasselblad cameras were use ugg j blacb white 3401 film and 

of the lunar surface. Three ca tivoly> the fourth camera used 

?^24^i^t5 r n r tral «!«. The ^o^ted”: 

S ClThatch^window «• from nadir. Uey were 
and onerated simultaneously. 
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^/00/4f i). 

'*»**w5Sg 



surfIce 5 M'tl,e a ^ollI! a irf b1 ^ panora, "‘ c lowing flatness of lunar 

» iLas- 

S£F r -" 

for compLlUord«eSnatiorSd'Tere r userto e naS Ce ° f ret V rned sai "P los 
of lunar reflectance variation »d «ve^tL. “"P arat1 ^ «<■"« 

Sb^aS^l^sc/" e u^s^:L t pr„1iL b L 6 th ^ Ph ?^ 8^aphic T ^° io *r 

three of the cameras obtaSd™ E ,f 6 S r^ri’ ‘"l 

are contained on one magazine of film Photographs 

MAURER 16-mm MOVIE CAMERA 

Maurer 16-mro movie cameras were ear-r-if»ri r>n 0 n a it 

CM and the LM. On the CM the c-xmlll * J 1 A P oll ° missions on both the 

bracket. The^e cameras ^re us eft or eeeL * *"**? ° n * boresigl * 
docking, rendezvous, and jettison of the cm sp J cecra f t maneuvers such as 
tracking photography, geeenschein an A *• b ?^ a ^ so obtained landmark 

Earth photography, cloud patterns, and tbe^irdirinr^rlir 01 ^ 110108 ^ 1171 
The camera was handheld for cabin fnntion rr ring transeart h coast. 

have been removed from the film available’fro^NSsnr^h^^ 111 photograph > r 
from EROS.) AaDle from NSSDC, but are available 

On the LM, the Maurer camera was attached +r> a m ,,t j , 

descent and ascent lunar inr,^n„ t “ t m window bracket to record 

was also used on the surface bJ th 0 a Js»" aneU r er ? “ ith th<! CSH - The camera 

raphy, footage of the experfmeSts, a„T“ a^" h*™ 1 " Pl,0t ° 8 - 
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The film magazines carried approximately 40 m (130 ft) of film. Running 
times were 93.3, 15.5, 7.8, and 3.7 min at film rates of 1, 6, 12, and 
24 fps, respectively. The corresponding shutter speeds were 1/60, 1/125, 
1/500, and 1/1000 s. The camera settings and ranges are shown in Table 
5-5. 


Table 5-5. Maurer Camera Settings and Ranges 


Lens focal 






length (mm) 

5 

10 

18 

75 

229* 

Focus (mm) 

lens - °° 

152 - co 

305 - 00 

1067 - “ 

OO 

Aperture 

f/2.0 - 
f/16 

T/1.8 - 
1/22 

1/2 - 
1/22 

f/2.5 - 
f/32 

T/8 

Field of view 





2 .1° 

Horizontal 

117.5° 

54.9° 

32.3° 

7.9° 

(circular) 

Vertical 

80.2° 

41.1° 

23.5° 

5.7° 


Diagonal 

160° 

65.2° 

39.2° 

10 ° 



*Used on Apollo 17 with sextant. 


For most lunar surface photography, the 10- or 18-mm focal length lens 
was not used with SO-368 color film. The 5-, 10-, 18-, and 75-mm lenses 
were used for most CM photography. Accessories for the camera included a 
right-angle mirror, power cable, and window brackets for mounting the 
camera. 

Dim light photographs were also obtained with the Maurer cameras on Apollo 
14 and 16 using the 18-mm lens and black and white film type 2485. For 
the gegenschein experiment on Apollo 14, the phenomenon was photographed 
in total darkness, which was achieved by photographing a 20° field of view 
on the opposite side of the liarth from the Sun (antisolar axis). On Apollo 
16, the solar corona and contamination experiment photography (see Con¬ 
tamination Photography Hxperiment section) were obtained. 


Maurer Camera Data 

Table 5-6 lists the footage available from NSSDC for the Maurer camera. 
These films are normally provided on a 3-month loan basis, although in 
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Table 5-6. Maurer Camera Photography Data at NSSDC 


Mission 

Magazines 

16-mm Movie Film 
m (ft) 

Color Film 
Type 

Indexes on 
Microfilm 

Apollo 8 

1 

30 (100) 

SO-368 

★ 

Apollo 10 

10 

301 (1000) 

SO-368 

SO-168 

* 

Apollo 11 

5 

351 (1150) 

SO-368 

SO-168 

it 

Apollo 12 

15 

488 (1600) 

SO-368 

SO-168 

it 

Apollo 13 

5 

168 (551) 

SO-368 

it 

Apollo 14 

11 

366 (1200) 

SO-368 

SO-168 

it 

Apollo 15 

11 

488 (1600) 

SO-368 

SO-168 

l 

Apollo 16 

12 

442 (1450) 

76 (250) 

SO-368 

SO-168 

2485 (B/W) 

l 

Apollo 17 

12 

671 (2200) 

SO-368 

SO-168 

l 


*Indexes for these missions are contained in the appropriate DUNs. 


special instances arrangements can be made for permanent retention. The 
NSSDC ID numbers for these data are given in the Index to Available Data. 
DUNs and data packages prepared for each mission are listed on the order 
form and are available from NSSDC to aid in requesting these data. For the 
Maurer footage, magazine number and content are provided in these documents 


Maurer Films 

The astronauts used the Maurer camera to photograph such subjects as Earth 
and lunar terrains, LM separation and docking sequences, landings, tie unnr 
surface from the LRV, liftoff, reentry, and parachute deployment. Cabin 
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and interior activities have been deleted from the available NSSDC data. 
The films are of limited scientific use; the most useful portions are 
those obtained prior to and during lunar landing and on takeoff. 


Maurer Film Indexes 

Separate indexes are available for Apollo 15, 16, and 17, but were not com¬ 
piled for the earlier missions. However, indexes for the Maurer cameras for 
each mission are jn the NSSDC DUNs. The separate indexes listed in Table 
5-6 for Apollo 15, 16, and 17 were compiled by the Photographic Technology 
Laboratory of JSC and filmed by NSSDC for catalog and supporting data use. 
Included in these indexes are magazine designation, film type, lens focal 
length, speed of film (fps), and a brief description of the content. 


CLOSEUP STEREOSCOPIC CAMERA 

This 35-mm stereoscopic camera was carried on Apollo 11, 12, and 14 and was 
designed for the highest possible resolution of a 76-ram 2 (3-in. 2 ) area for 
a stereo pair with a flash illumination and fixed distance. The camera was 
carried in the LM modular equipment storage assembly and was used by the 
astronauts on the lunar surface. Photography was accomplished by holding 
the camera on a walking stick against the object to be photographed. The 
camera was powered by four nickel-cadmium batteries that operated the motor 
drive mechanism and an electronic flash strobe light. 

The camera lens was diffraction limited to 46.12 mm at f/17 using Kodak M-39 
copy lenses. It was focused for an object distance of 184.5 mm. Other capa 
bilities, settings, and ranges for the equipment are shown in the following 
list. 


Focus: 

Apert .ire: 

Film: 

Magnification: 

CycHng time: 

Stereo angle: 

Smallest resolution: 

Area photographed: 
Base-height ratio: 
Particle identification: 


fixed range 
f/22.6 fixed 
9m (30 ft), SO-368 
0.33x 
10 s 

9° convergent 
40 pm 

72 x 82.8 mm 
0.16 
1 mm 


The quality of the photographs obtained by the stereoscopic cameras is excel 
lent. Figure 5-5 is a sample photographic pair from Apollo 11. The photo¬ 
graphs contain small objects, details of the lunar surface, soil particles, 
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Figure 5-5. Sample stereoscopic pair of photographs showing 
the soil at the Apollo 11 landing site. The largest object 
is about 10 cm (4 in.) in diameter. For stereoscopic effect, 
hold at arms length, gaze above page at distant view, then 
between the pictures. Concentrate gaze on the center of the 
three images until it becomes three dimensional. (Apollo 11: 
AS11-45-6698A, B) 


micrometeoroid pits on rocks, and glass spatter on surface material (Gold, 
1970). The following number of stereoscopic pairs are available from NSSDC. 

Apollo 11 17 pairs 
Apollo 12 15 pairs 
Apollo 14 16 pairs 


HYCON CAMERA 

This electrically operated camera was carried on board the Command Module 
on the Apollo 14 mission. It was a modified KA-7A aerial reconnaissance 
camera and was mounted in the crew access hatch window when used. A remote 
control box and interconnecting cable provided an automatic mode for strip 
photography and a manual mode for single frames. Variable forward motion 
compensation allowed for spacecraft orbital motion. For each frame exposed, 
a small clock showing the day and time was simultaneously exposed on the 
side of the frame. 

The photographic objective of the Hycon was to obtain high-resolution photo¬ 
graphs of future lunar landing sites and areas of scientific interest. The 
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camera settings, ranges, and characteristics are given in the following 
list. 


Lens focal length: 

Fixed aperture: 

Focal plane shutter speeds: 

Angular field of view: 


Frame format: 

Resolution (contrast 1000:1): 

Filter: 

Cycling rate: 

Film capacity: 


457 mm (18 in.) 
f/4.0 

1/50, 1/100, 1/200 s (.only 1/200 s 
used) 

14°7.5* - Swath width was 2.8 km (1.75 
mi) at 14 km altitude; 22 km at 100 km 
altitude at the nadir 
114 x 114 mm (4.5 x 4.5 in.) 

AWAR 150 lines/mm (3-9 m from 100 km; 
1-2 m from 14 km) 

Wratten 12 

Automatic from 4 to 75 frames/min, 
single framing 
standard base - 35 m 
thin base - 70 m 


A camera malfunction that occurred during the mission caused the shutter 
to operate continually, resulting in a transistor failure. The malfunc¬ 
tion was caused by a sliver of aluminum that shorted the system by lodging 
in the shutter pulse switching circuit. In addition, an intervalorneter 
anomaly caused multiple exposure of the same scene, and overexposure by 2 
stops occurred in this section of the film. 

The Hycon camera provided vertical stereo coverage of the Descartes high¬ 
land region on the fourth pass. (Apollo lb landed in this region.) Cov¬ 
erage of the lunar surface is from 28 a E to 17°E, which includes the area 
from the east rim of Theophilus to Dollond I1A. Figure 5-b is a sample 
Hycon photograph. 

The altitude of the spacecraft while acquiring these photographs ranged 
from 12.5 to 20 km depending on the ground elevation. The resolution of 
the photographs ranged from 2 to 3 m. 


Hycon Photographs 

The Hycon camera used two magazines of black and white film type 3400. 

Of the 243 frames exposed, 207 are usable. These frames are available in 
both logetronic and photometric renditions. 

The photometrically processed photographs were reproduced on a Niagara 
printer to preserve the albedo variations. These photographs may be used 
for photometric and photogrammetric studies. The logetronic processing 
reproduced the photographs with density quality control through exposure 
control and dodging techniques. 
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I’igure 5-6. Sample llycon photograpli showing the area 
between Theophilus and Cyrillus with a 2-m resolution. 
The terrain is rolling and subdued with few sharp- 
rimmed craters. (Apollo 14: AS14-80-10502) 


Overall quality of the usable photographs is good, although some frames 
appear blurred at the edges. 


NIKON CAMERA 

The 35-mm Nikon camera was carried on Apollo 15, lo, and 17. It had a 
Nikon lens with a focal length of 55 mm and a relative aperture of f/1.2. 
It was designed for through-thc-lens viewing and metering. A very high 
speed black and white film, type 2485, was used. The Command Module pilot 
operated the camera manually when targets of interest were in view. Mis¬ 
sion objectives for the Nikon camera included dim light photography of 
diffuse galactic light, the zodiacal light, gegenschein, the northern 
galactic pole, the solar corona, spacecraft contamination, and the larth- 
lit (ashen light) portions of the lunar surface. Analysis of extent, lo¬ 
cations, configurations, and light levels of astronomical sources can 
provide information on the location of interstellar concentrations of 
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matter. Figure 5-7 is a Nikon photograph of the lunar surface. Figure 
5-8 is a Nikon frame of zodiacal light exposed during the Apollo 17 mission 

The Nikon camera was also used for the gegenschein experiment. Photographs 
of the gegenschein were exposed from lunar orbit to attempt to confirm the 
possible accumulation of matter at the Moulton point. This information 
helps to assess the contribution to the gegenschein of light that may be 
reflected from the region of the Moulton point. Only Apollo 16 obtained 
the gegenschein and Moulton region; the gegenschein was missed on the 


T 


It" 




m 






\ 


V 


\ 




Y) 


r 




w 


>\ 


t \ 


\ 


Figure 5-7. Sample Nikon photograph show 
ing oblique view of the central peak and 
floor of the farside Crater Tsiolkovsky 
(180-km (120-mi) diameter) with low Sun 
elevation. (Apollo 17: YY-57-23S52) 
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Apollo IS mission, (lontaminat ion 
tion, was obtained with the Nihon 


photography, described in the next sec- 
camera during the Apollo lb mission. 


Nikon Photographs and Indexes 

Table 5-7 provides a summary of the Nihon photographs th*.t were obtained 
during the Apollo 15, lb, and 17 missions. The gegenschcin experiment 
photographs from Apollo lb are included. 



Figure 5-8. Sample Nihon photograph of zo¬ 
diacal light as seen at the Moon just be¬ 
fore sunrise. The stars appear as streahs 
because of spacecraft motion. (Apollo 17: 
YY-100-23%!) 
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Table 5-7, Nikon Photography l>ata at NSSI'C 


Number of 


Mi ss i on Photographs 


(jual i ty 


Objects 


Apollo 15 


Fair-Hood 


Milky Way, Zodiacal light, 
kunar eclipse, liarthshine 


Apollo 1(> 


l'ai r 


Zodiacal Unlit, Hum Nebula, 
Galactic clusters, liarthshine. 
Contamination* 


Fair 


Cegenschein, Moulton point 


Apollo 17 


410 


Poor-Fair Zodiacal light, liarthshine 


*See following section for discussion of this experiment. 


Indexes to the Nikon photographs are available on lb-nun microfilm. 'Hie 
indexes for Apollo 17 provide NASA photograph numbers, principal point of 
the photographs, camera tilt and azimuth angles, altitude. Sun elevation, 
and descriptive remarks. For Apollo 15 photographs, date of exposure and 
time, center point right ascension and declination of astronomical sub¬ 
jects, corner coordinates, and remarks are provideu as well as the NASA 
frame numbers. For each mission, there are some calibration data. 


CONTAMINATION PHOTOGRAPHY EXPERIMENT 


The Apollo lb contamination photography experiment had two objectives. 

The first was to map the scattering function of visible light produced by 
any residual cloud around the spacecraft. The second was to study the 
dynamics of particles that occur during a dump of liquids and also to de¬ 
termine the decay of background brightness resulting from these dumps. 

The results were used in planning the design and operations of the Skylab 
astronomical observations. The first objective utilized photographs ob¬ 
tained with tha 35-mm Nikon camera, and the second objective employed two 
lb-mm Maurer cameras and a 70-mm llasselblad camera. 


The cameras were positioned to view from various windows on the CM and 
were cycled through a sequence of exposures with various spacecraft orien 
tations, camera positions, and exposure times after the liquid dump. I he 
experiment was performed successfully, and 1P8 usable photographs were ob 
tained. Because of mission schedule changes, the photographs were affec¬ 
ted by moonlight on CM windows, which in turn affected scattering values. 
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Contamination Photographs 

Photographs of the Apollo lo contamination environment were obtained with 
dim light film and arc available as follows: 


Camera 


llassolhlad 


Mauror 


Nikon 


Magazine 


Ouanti 


7 photographs 


MM, nil (revolution 38) 7(> m (.150 ft) of lo-nun film 

X 18 photographs 


Prom these photographs, which were exposed during sunrise, sunset, and 
the transearth coast, scattering properties and brightness in the vicinity 
of the spacecraft may be determined. 

Contamination Digitized Data 

Digitized contamination data consist of microdensitometer readings of pho¬ 
tographs from the Hasselblad, Maurer, and Nikon photography. The density 
readings wore taken at 100-pm intervals along scans spaced 100 pm apart. 

The data are on one 7-track, 800-bpi, binary magnetic tape created on a 
Univac 1108 computer. Each file on the magnetic tape is a complete photo¬ 
graph, and each record is a scan. Record lengths within one file ai'e the 
same, but do vary between files, as does the number of records per file. 

The record length, in 36-bit words, ranges from 27 to 127 words. The num¬ 
ber of records per file ranges from 11 to 255. There are 110 files of data 
two of which contain invalid data. The records contain camera, magazine, 
frame, and exposure identification, as well as frame coordinate values and 
density readings. Between any two data records for a given sample, there 
is an interrecord gap. A file mark follows the last data record for a 
given sample. 


TV KINESCOPE PHOTOGRAPHY 

Television cameras were carried on all Apollo spacecraft in order to visu¬ 
ally transmit the activities of the astronauts to Earth. Although some 
geology can be derived from the background of the lunar surface activity 
photography, this footage is not considered scientific data. There were 
TV experiments on the Apollo 15, lb, and 17 missions, and these data are 
available from NSSDC. 

There wore two types of cameras for the TV experiments; one was a Westing 
house, and the other was an RCA. The IVestinghouse TV camera was used in 
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the Command Modulo mid could ho hiuidlteld or mounted on a bracket. It was 
operated at variable f-fit.ops from <1 to 44 and had a ?,ooiii lena. A • > "Cin 
black and white video monitor, which could bo mounted on the camera or at 
various locations in the CM, aided the crew in locus and exposure adjust - 
meats. A camera ring sip,hi also enabled the crew to direct the camera 
lens at the desired target. 

The RCA camera could be mounted on the I.RV, on the modularised equipment 
storage assembly, or on a tripod and was used during lunar surface acti¬ 
vities. The Mission Control Center on liarth, as well as the crew, could 
control and aim this TV camera. The f-stop could be varied from i/2,2 to 
f/22. 


Por both cameras, the scanning rates were the commercial 30 t'ps, 525 scan 
linos/frame. Scan conversion fur black and white was not required, Ihe 
resolution was 200 TV lines/picture height (limited by S-band equipment), 
the aspect ratio was 4:3, and the range of operation was from 54 to 120,000 
l m /m 2 (5 to 12,000 fc). Color was achieved by using a rotating disk dri- 
ven by a synchronous 600-rpiu motor* 


TV Kinescope Film and Indexes 

The TV footage from both the Westinghouse mid the RCA TV cameras is avail¬ 
able from NSSDC on 300-m (1000-ft), lb-nun reels. These films can be ob¬ 
tained on a 3-month loan basis or special arrangements can be made for 
permanent retention. Cabin photography lias been removed from the footage. 
*LM docking and the lunar landing site sequences from the CSM are available 
along with the lunar surface activities and liftoff sequences. Approxi¬ 
mately 20 hours of running time are available for each mission. Total 
film is given in the following list. 


Apollo 15 
Apollo 16 
Apollo 17 


22 reels, 6,906 m (22,659 ft) 
34 reels, 10,647 m (34,932 ft) 
40 reels, 11,916 m (39,095 ft) 


Smaller segments may be obtained,and indexes arc available to aid in selec¬ 
tion of segments. The indexes are in the form of paper prints and contain 
an identification number, the time span of data, and the subject matter. 
The films are in chronological order. 


PANORAMIC CAMERA 


The blO-tnm (24-in.) 1TEK panoramic 
tion panoramic photographs, in both 
the lunar surface during the Apollo 


camera experiment obtained 
stereoscopic and monoscop 
15, 16, and 17 missions. 


high-resolu- 
ic modes, ot 
The camera 
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provided 1- to 2-m resolution photography from an orbital altitude of 111 
km (60 nautical miles). The panoramic camera was located in the SM. Pan¬ 
oramic photographs supported photographic data for the other Command Ser¬ 
vice Module cameras and for the SIM experiments scanning the lunar surface 
from lunar orbit by providing greater areal covorage and higher resolution 
for given regions. The following list provides the principal camera spec¬ 
ifications. 


Lens focal length: 
Field of view: 

Image coverage: 
Image size: 

Film: 

Film capacity: 


610 mm (24 in.) 

108° crosstrack 
10.4° along track 
322 x 21 km 

114 x 1150 mm (4.5 x 45.25 in.) 
Black end white type 3414 
1981 m (6500 ft.); 1600 frames 


The panoramic camera was composed of four main components: (1) a roll 
frame assembly that rotated continuously in the cross-track scan direction 
during camera operation (panoramic scanning); (2) a gimbal assembly that 
tilted fore and aft to provide 25° stereoscopic convergence between frames 
as well as forward motion compensation; (3) a main frame with a velocity/ 
height sensor .hat governed the rotation rate of the roll assembly; and 
(4) a gaseous nitrogen pressure vessel assembly that provided gaseous ni¬ 
trogen for certain film roller gas bearings. (This gaseous nitrogen pres¬ 
sure vessel assembly was also used by the mapping camera system.) The 
camera optics system, the camera film drive and control system, and the 
film cassette completed the camera system. 


This camera was rigidly mounted in the SIM bay between two SIH shelves. 

The camera lens was automatically stowed when "off-nominal" lens thermal 
conditions were experienced. This protected the lens from contamination. 
The crew could control the camera system, select stereoscopic or monoscopic 
modes of operation, and verify camera operational status from the Command 
Module, The film cassette was retrieved by a crew member during the trans¬ 
earth coast extravehicular activity. 


* 


Panoramic Photography Data 

The complete photographic coverage by the panoramic cameras on Apollo 15, 
16, and 17 is available from NSSDC along with supporting and selection 
data as listed in Table 5-8. These data are described in the following 
sections. Oata Vo>'t*o .Vo/vu and PhoU'-ji^nhio Pita PacKajca were prepared 
by NSSDC for the Apollo missions and contain more detailed information and 
ordering materials. These documents are listed on the order form. (Also 
see McCook , 1973.) 
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Table 5-8. Panoramic Photography Data at NSSDC 




<<ect ified 

Support Data 
Microfilm 

16 mm 

Indexes 

Catalog 

Mission 

Photographs 

Photographs 

M'fiim 
1(> mm 

M'ficlu* 

Microfi1m 

35 mm 

Apollo 15 

1572 Cogetronic 
1572 Photometric 
149 Terminator* 

1465 

3 

1 

4 

1 

Apollo 16 

1586 Photometric 

1415 

1 

) 

5 

1 

Apollo V 

1574 Photometric 

1574 

It 

1 

3 

1 


*Kodak 2420 film. 
+1 






Tlte areas photographed by the panoramic camera were the following. 

. Apollo 15 - 180-E to 7l)°W longitude and ±25° latitude 

Farside, nearside maria, Apollo 15 and 17 landing 
sites, terminator, and special features. 


• Apollo 16 


• Apollo 17 


180°I3 to 48°W longitude and ±11° latitude 
Farside, nearside maria, Apollo 16 landing site, 
Apollo 17 possible landing sites, and terminator. 

180°H to 44°W and 154°W to 180°W longitude and 
±23° latitude 

Farside, nearside, special icatures, Apollo 17 
landing site. 


The quality of the photographs from all «• £*; 

Wt film does contain light streaks, and Apollo 17 film is overexpose xu 
some areas. Figure 5-9 is a panoramic frame obtained on the Apollo 15 

mission. 



Figure 5-9. Sample panoramic 
the Apennine Mountains, Pales 
The Apollo 15 landing site is 
9377) 


photograph shows the lunar landscape 
Putredinus, and the 3-km-wido Hadley 
designated by an arrow. (.Apollo 15: 


across 
Rilie. 
AS 15- 
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Panoramlc Photographs 

Complete sots of panoramic photographs are available from NSSDC. Photo¬ 
metric photographs are available for the Apollo 15, 16, ana 17 missions 
and were prepared from black and white positives on a Niagara printer. 

The photographs are 127 x 1220 mm (5 x 48 in.) and are suitable for pho¬ 
tometric and photogrammetric investigations. 

The quality of the photographs is generally very good for Apollo 15. The 
photographs obtained on Apollo 16 are generally good, although a horizontal 
light streak appears in the center of the frame. Those photographs taken 
near the terminator at low light levels are excellent. On Apollo 17, a 
camera malfunction caused overexposure in the light areas on some of the 
frames. This is partly overcome by special development techniques but at 
the expense of dark areas. Many of the photographs were obtained in the 
stereo mode, and stereo pairs are five frame numbers apart. 

Apollo 15 photographs were also prepared with density quality control (log- 
etronic) using exposure control and dodging techniques. Near terminator 
photographs obtained during the Apollo 15 mission are available as a sepa¬ 
rate set of 149 photographs and also are included in the complete sets of 
panoramic photographs. The separate set of terminator photographs were 
reproduced on Kodak 2420 film from the originals. These photographs show 
small changes in relief in the topography at relatively high resolutions. 


Panoramic Rectified Photographs 

Nearly all the panoramic photographs (see Table 5-8) have been rectified 
and are available from NSSDC. The central 100- x 950-mm section of the 
original 127- x 1220-mm frames were rectified by a process that corrected 
the camera and viewing distortions. This process results in a vertical 
projection of the lunar surface. 


These photographs are more accurate for stereoscopic use and need no fur¬ 
ther magnification. The photographs are slightly degraded because of the 
rectification process, but are generally good and have esolutions that 
provide useful scientific information. A more detailed description of the 
rectification procedure is contained in a Data Doers Dote, Apollo 17 Lunar 
Photography (NSSDC 74-08). 


These rectified panoramic photographs have been reproduced on 229- x 
2052-mm (y- x 80-in.) film and have frame numbers that are identical to 
the original panoramic photographs. The indexes and supporting data for 
the panoramic photographs are relevant for selection of these rectified 
frames. 
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Panoramic Photography Supporting Data 

Supporting data for the panoramic camera photography are available on 16-mm 
microfilm. SIM bay photographic supporting data (laser altimeter readings) 
are available on microfiche and are described in the Laser Altimeter Photo¬ 
graphic Supporting Data section. Information contained on the microfilmed 
supporting data includes summary tables and explanations of each of the 
parameters given. These data are applicable to both the original and recti¬ 
fied frames. Detailed parameters are given for each photographic frame and 
include spacecraft parameters such as latitude and longitude, state vectors, 
radius, and altitudes; photographic parameters such as date and time of ex¬ 
posure, transformation matrix from selenocentric to camera, direction 
cosines, local horizontal to camera transformation matrix, photographic 
footprint latitude and longitude, direction to stellar photograph center, 
tilt azimuth, and north deviation angle; and solar parameters such as so¬ 
lar azimuth and Sun elevation at principal point. Other relevent data are 
included. 

A catalog of Apollo photographic evaluation (APE) data is available on 
microfiche as supporting data for the Apollo 15 panoramic camera and map¬ 
ping camera. Explanations and definitions of data elements are provided; 
data for light side sequences are summarized; and brief descriptions cf 
trajectory reconstruction, telemetered data used, and constants employed 
for data processing are given. 


Panoramic Photography Indexes 

Indexes to the panoramic camera photography are on both 16-mm microfilm 
and on microfiche cards. A brief description of features in each frame 
is given as well as the frame number, camera look direction, stereoscopic 
companion frame number, principal point latitude and longitude, altitude, ’ 
revolution (pass) number, and Sun elevation. 

Additional information is provided giving a tabular summary of the panora¬ 
mic camera photography, camera characteristics, number of photographs ob¬ 
tained during each pass, and orbital coverage footprints on a lunar map. 
These indexes may be used for both the original and rectified frames. For 
missions 16 and 17, the information is indexed in chronological order and 
by longitude in increments of 10° progressing westward. Typographical 
error headings appear in the Apollo 17 indexes, which read A-lb instead 
of A-17. The quality of the microfilm and microfiche is generally poor. 

Panoramic Photography Catalogs 

These catalogs contain complete sets of the usable frames of the lunar sur¬ 
face from the panoramic camera on Apollo 15, lb, and 17 and are contained 
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on 35-mn, microfilm. Paper prints of the panoramic camera photograjjh. were 
mounted four to a board and then photographed on 35-nun microfilm *uch tft. 
one 35-mm frame contains four camera frames. The f^mc number foi cad 
picture appears at the center of the lower margin of the frame. 


The surface photographs are preceded by frames containing a J^ief 

tion of the panoramic photography, the use of the , Ly of die cata- 

suonorting data, and NSSDC ordering procedures. Hie quality ot the e 
logs is adequate for some limited scientific studies. The catalogs may be 
usld to order the rectified photography as well as the original panoramic 

photographs. 


MAPPING CAMERA SYSTEM 


The mapping camera system (MCS) obtained photographs of high geometricp 
cision of lunar surface features overflown by the spacecraft (Apollo IS, 

16 and 17) in sunlight. These were obtained while simultaneously exposing 
pSt^raphs for precise orientation of the spacecraft and recording 
laser altimeter data for determination of spacecraft altitude. Ihe 
contained three major components. 


Mapping (metric) camera 
Stellar camera 
Laser altimeter 


The fixed ancle between the optical axis of the mapping camera and the op- 
PicalajcUof the stellar camera was nominally 96', with the stellar camera 
pointing*^'above the horizon on the right side of the spacecraft when the 
mapping camera was pointing vertically toward the lunai surface J nd the 
spacecraft was moving forward. The laser altimeter transmission and re¬ 
ceiving optical axes were nominally parallel to the mapping camera optic 
axis The actual angular orientation between the mapping and stellar cam 
eJas'and the location of the altimeter subpoint in the mapping camera frame 
are given as part of preflight calibration data. Ihe midpoint ot exposure 
of the mapping camera, stellar camera, and laser altimeter was synchronized 
to ±1 ms. PP The MCS used a gaseous nitrogen pressure vessel assembly, ^ared 
with the SIM panoramic camera, as n source of gaseous nitrogen to p o 
an inert and pressurized atmosphere within the cameras. 


The mapping camera system was mounted on the top shelf in the SIM bay and 
was deployed on a rail-type mechanism when acquiring p.iotugrapluc data m 
order provide an unobstructed field of view for the stellar camera. 

This mechLism insured that the star field photographed was not obscured 
bv either the lunar horizon or the SM mold line. A cover attached to the 
SIM shelf protected the mapping camera lens and laser altimeter optics from 
spacecraft contamination sources during reaction control system and service 
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propulsion s/stora firings and effluent Jumps. This cover had provisions 
for multiple opening and closing cycles. 


A control panel in the CM provided for on/off/standby, track extend/re¬ 
tract, and image motion compensation switches. 


The MCS flight plan was devised to provide 78 percent overlap between suc¬ 
cessive mapping camera images photographed on the same pass and a 55 per¬ 
cent sidelap between adjacent photographic passes. The stellar camera 
provided attitude information, and the laser altimeter provided measured 
distance from the spacecraft to the lunar surface (altitude) in synchro¬ 
nism with each mapping camera exposure. The 78 percent overlap provided 
stereo coverage that can also be used for topographic information. 


Exposed film from both mapping and stellar cameras was accumulated in a 
removable film record container. This container was recovered from the 
SIM bay by the Command Module pilot during the transearth coast EVA. 


The mapping (metric) camera provided 20-m resolution photographs from an 
orbital altitude of 111 km (60 nautical miles). Camera ranges and set¬ 
tings are as follows. 


Focal length: 

Field of view: 

Image area at 110-km 
altitude: 


76 mm (3 in.) (f/4.5) 
74° x 74° 


Image size: 
Film capacity: 
Film type: 

Film width: 


170 x 170 km (92 x 92 nautical 
miles) 

114 x 114 mm (4.5 x 4.5 in.) 
457 m (1500 ft); 3500 frames 
Black and white 3400 
127 mm (5 in.) 


Tie mapping camera obtained photographs at maximum aperture with varying 
shutter speeds. The shutter consisted of a pair of continuously rotating 
disks and a capping blade. An exposure was made when the holes in the 
rotating disk came into line while the capping blade was turned to the 
open position. To insure geometric precision of successive photographs, 
the film was held in a plane during exposure at a fixed distance from the 
lens nodes by a glass stage plate with a reseau inscribed on its surface. 
The reseau made it possible to correct every frame for film shrinkage and 
for any local film distortions. Fiducial marks, which defined on the film 
the location of the optical axis at the instant of the flash, were exposed 
just outside the frame format. These were required to cope with compli¬ 
cations caused by stage plate movement, and film forward motion was com¬ 
pensated by driving the plate in the direction of flight during exposure. 
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Raw laser altimeter data were directly recorded on the film outside the 
image area. 


The photography had 78 percent overlap for each frame and 55 percent side 
overlap between consecutive revolutions, providing stereo coverage fo 
most of the lunar surface photographed. A frame covers approximately 1 
km on a side. The quality of the photographs from all three missions is 
generally good. The data available for the mapping camera are listed m 
Table 5-9 and described in the following sections, iigure - is a sam 
pie mapping camera photograph obtained during the Apollo 17 mission. 


Table 5-9. Mapping Camera Photography Products at NSSDC 





Indexes 

Catalogs 

Mission 

Photographs 

Supporting Data 
Microfilm Reels 

Microfilm 

Reels 

Microfiche 

Cards 

Microfilm 

Reels 

Microfiche 

Cards 



NSSDC 

Cal Tech 

Apollo IS 

3375 Logetronic 
3375 Photometric 
1515 Terminator 

3 

1 

4 

2 

59 

45$ 

Apollo lb 

3480 Photometric 

1 

1 

5 

2 

57 

21S 

Apollo 17 

1412 High gain 

3298 Low gain 

2* 

1+ 

3t 

1 

60 

59$ 


♦One reel of original data and one reel of supplemental data and preflight calibration; laser altimeter 
supporting data (on microfiche) is also available, 
tVery poor quality, 

SFrames with no data are identified. 


Mapping Camera Photography 

These photographs are available on 127-mm (5-in.).black and white film 
with a frame format of 114 x 114 mm (4.5 x 4.S in.) that worereproduced 
from the original black and white film type 3400 exposed by the 76-mm 
(3-in.) mapping camera located in the SIM bay. 

Different types of reproductions were made of the film. Lor Apollo 15 
film a logetronic process was used in which the reproductions were made 
with quality control on the density using exposure control an1 dodging 
techniques. Apollo lo film and a second set of Apollo 15 film were pro¬ 
cessed by a photometric procedure using a Niagara printer that allows 
photometric and photogrammetric (albedo) measures to be made. le process 
used for Apollo 17 film involved gain adjustments, and both high 8*un an 
low gain reproductions were made. High gamma (gam) brings out details m 
the highlight areas. Low gamma reproduction is the normal proceduie, >u 
.iptiii is in highlight and shadowed areas are lost. 
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Figure 5-10. Sample mapping camera photograph showing 
the general vicinity of the Apollo 17 landing site. 
Crater Littrow is the dark, flat-floored crater near 
the top center. The mountains are part of the Taurus 
mountain range. (Apollo 17: AS17-0505) 


Apollo 15 photographs of the near terminator areas were extracted from 
the original photography and arc available as a set on one roll of black 
and white film. These photographs show the lunar terrain in strong relief 
due to the very low Sun angles as the terminator (sunrise and sunset lines 
is approached. Lava flows, low ridges, and depressions are visible. The 
Aristarchus environs can be seen in bold relief. Other areas are of the 
LM landing site near the Hadley l<!lie, the Apennines mountains, Archimedes 
and its nearby riHes, l’linius and its rilles, Dawes on the nearside of 
the Moon, and Tsiolkovsky and its environs on the farside. 
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Mapping Camera Photography Supporting Data 

The supporting data for the mapping camera photography for Apollo 1!. , lb, 
and 17 are available on 16-mm microfilm. Those microfilmed data give de¬ 
tailed photographic parameters for each frame and include spacecraft pa¬ 
rameters such as latitude and longitude, state vectors, radius, and alti¬ 
tudes; photographic parameters such as dato and time of exposure, sigmas 
of longitude of camera axis intersect, local horizontal to came-a rans- 
formatior matrix, photographic footprint latitudo and longitude, direction 
to stellar center, tilt azimuth, and north deviation angle; and solar 
parameters such as solar azimuth and Sun elevation at principal j>jint. 
Other relevant data are included. Explanations and definitions of the 
parameters are given. 

SIM bay photographic supporting data (laser altimeter readings) are also 
available for Apollo IS, 16, and 17 on one microfiche card. These data 
are described in the Laser Altimeter Photographic Supporting Data section 
along with geodetic reference data derived from the mapping camera system. 
For Apollo 15, Apollo photographic evaluation (APE) data are available for 
the Apollo 15 mission panoramic and mapping cameras. These data are de¬ 
scribed in the Panoramic Photography Supporting Data section. 


Mapping Camera Photography Indexes 

These indexes to the mapping camera photography are available on both lb-mu 
microfilm and on microfiche cards. Information given in the indexes for 
each photographic frare include frame number, revolution (pass) number, 
approximate altitude, principal point latitude and longitude, camera tilt 
and azimuth, forward overlap, Sun elevation, and a brief desciiption of 
features to be seen. Additional information given at the beginning of the 
reels (for each mission) includes summary tables of camera coverage, camera 
characteristics, and orbital coverage footprints on lunar maps. For mis¬ 
sions 16 and 17, the listings are indexed in two ways: by frame number 
(chronologically) and by longitude in 10 increments progiessing westward. 


Mapping Camera Photography Catalogs 

These catalogs contain complete sets of mapping camera photographs for oi- 
dering purposes. For each mission, there are three complete catalogs avail¬ 
able. One catalog is on lb-mm microfilm reels, and the other two are on 
102- x 152-nun (4- x 6-in.) microfiche cards. The California Institute of 
Technolory prepared microfiche catalogs using a technique that provided 
careful registry to fit special automatic retrieval readers when a coded 
metal edge attachment is applied. These cards, which contain 60 images per 
card, may also be used in any microfiche reader. Although the photography 
is very good, the special registry frequently caused some iraine numbers not 
to register; therefore, these cannot be used tor general catalog purposes. 
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NSSDC gcnerotod its own microfiche catalog, which insured the appearance 
of the framo numbers, Thore are 50 images per card in the NSSDC version. 
IV1 lie Cal lech and NSSDC microfiche both may be used for some scientific 
studies, the NSSDC version is to lie used for ordering photographs. 


Stellar Camera 


Ihc objective of the stellar camera was to photograph the star field in 
synchronism with the mapping camera exposures and laser altimeter pulses. 
By measuring the position of identified star images, the orientation of 
the stellar camera in the celestial coordinate system could be determined. 
By means of preflight calibration, this orientation was transferable to 
the mapping camera or to the laser altimeter. 


The stellar camera was mounted at an angle of 96° from the mapping camera 
carried an f/2.8 lens with a 76-mm focal length, and had a picture format 
of 24 x 32 mm (0,96 x 1.25 in.) on black and white 3401 film. The photo¬ 
graphs were originally recorded on 35-mm roll film and later contact-print 
ed on 70-mm film. There were four naturally illuminated fiducials. The 
fixed-glass focal plane contained a reseau that was edge-i Humiliated to 
record on each frame. The exposure time for the stellar camera was fixed 
at 1.5 s, and the midpoint of this exposure was synchronized with the mid¬ 
point of the metric camera and laser altimeter to ±1 ps. The data are 

generally good; however, on Apollo 16 the glare shield jammed, and glare 
appears on those photographs* 


Stellar Camera Photographs 


Complete sets of stellar camera photographs are available. The stellar 
photographs contain the star fields, in a fixed relation to the nadir 
point on the lunar surface, simultaneously exposed with the mapping camera 
and/or the laser altimeter firings. These photographs, although free from 
atmospheric effects, are only useful for selenodetic studies. There are 
no frame numbers on the Apollo 15 photographs, and there is some dirt deg¬ 
radation. lor Apollo 16, stellar frame numbers are offset from mapping 
camera frame numbers by +79; therefore, add 79 to the Apollo lo mapping 
camera frame for the correlating stellar frame number. Some Apollo lo 
photographs have static marks, some have fog, and some have light leaks. 
For Apollo 17, stellar frame numbers are offset by -18; therefore, sub¬ 
tract 18 from mapping frame numbers to obtain correlating stellar frame 
numbers. The following quantities of photographs are available. 


Apollo 15 
Apollo It) 
Apollo 17 


3350 
35o 1 


- 33HU 
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Stellar Camen Photography Supporting Data 

SIM bay photographic supporting data (lasor altirootor readings) for the 
Apollo 15, 16, and 17 stollar cameras aro available on one microfiche card. 
Geodetic reference data derived from the mapping camera system data are 
also available as supporting data. Both of thoso typos of supporting data 
are described in the Lasor Altimeter Photographic Supporting Data section. 


Laser Altimeter 

The ojective of the laser altimeter carried on Apollo 15, 1<>, and 17 was 
to provide ranging data for use in determining the altitude of the Apollo 
spacecraft above the lunar surface. 'Die time-correlated, slant-ranging 
data were acquired with 1-ro resolution and were measured parallel to the 
optical axis of the mapping camera. These data supported mapping and pan¬ 
oramic photography, provided precision altitude data for other orbital ex¬ 
periments, and related and defined lunar topographic features with 15-m 
resolution for a better definition of lunar shape. They wore also used in 
conjunction with tracking data to improve lunar orbital calculations. 

The altimeter operated in the following two modes. 

• The coupled mode with the mapping camera caused the altimeter 

to automatically emit a laser pulse corresponding to the midframe 
ranging (approximately 1 range pulse every 24 s). 

• The decoupled mode allowed for independent ranging measurements 
(solo operation), one firing every 20 s, when the mapping camera 
was inoperative. 


In the coupled mode, the ruby laser was activated when a signal was re¬ 
ceived from the mapping camera, and the light pulse was transferred to the 
transmission optics that had an angular field of 5<>v ad illuminating an 
area 33 m in diameter on the lunar surface from the n. >1 altitude of 
110 km. A portion of the output was used to start the r.m^e counting clock. 
The return pulse reflected from the lunar surface was applied to the pho¬ 
tomultiplier tube through the receiver telescope, which had an angular field 
of 200 prad. The output of the photomultip1 j■ • stopped the range counter, 
which measured 6.67-ns intervals (equivalent to a 1-m round trip). The 
altitude was recorded both on the mapping camera film and in the space¬ 
craft data system. Frequency of data transmission was 3 data points/min 
when the mapping camera was off and 2.5 data points/min when on. 

Performance of the altimeter on the three missions was the following. 


Apollo 15 - 682 firings - 


Operated normally until revolution 24, 
partially until revolution 38, and was 
then inoperative. 
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• Apollo 16 - 2372 firings - Measurements were obtained during rev- 

olutjoins 3, 4, 17, 18, 28, 2D, 27-39, 

47, 48, 6(t, and 63. Overall reliability 
wa.s 64 poreent; measurements made at 50 
percent reliability to revolution 60; by 
revolution 63 reliability was 5 percent. 

• Apollo 17 - 4026 firings - Measurements were obtained during rev¬ 

olutions 1, 2, 13-15, 23, 24, 27-20, 

38, 30, 40, 62, 63, and 65-74. Complete 
sets of data containing measurements for 
the entire circumference in the orbital 
plane were obtained. The instrument 
operated normally throughout the mission. 

Laser Altimeter Incidence Data 

Reduced and analyzed altimeter incidence data are available on one 7-track, 
800-bpi, BCD magnetic tape created on a CDC-640C computer. There are three 
files on the tape: two for Apollo 15 and one for Apollo 17. A decimal 
dump of this tape is supplied on microfiche with the magnetic tape as sup¬ 
porting material and includes some Apollo 16 data (less than one orbit: 
part of orbit 17 and part of 18). The data tape includes: mission, time 
of observation, tabulation of the laser incidence coordinates determined 
and their associated covariance data (where derivable) in a selenograpbic 
reference frame, and estimates with associated uncertainties for (1) lunar 
radius, (2) offset of the center of figure from the center of mass, and 
(3) the best fitting geometry parameters for each lunar profile. 

The data available for Apollo 15 were obtained on July 30, 1971, during 
orbits 15 and 21. These data are complete for both revolutions. The 
available Apollo 17 data are for revolutions 65 and 66 and were obtained 
on December 15, 1972. 


Laser Altimeter Photographic Supporting Data 

SIM bay photographic supporting data for the Apollo 15, lo, and 17 panora¬ 
mic camera and the mapping camera system (which includes the stellar camera 
and the laser altimeter) are available on microfiche. These data correlate 
the laser altimeter readings to the MILS and panoramic camera photography 
and include premission and mission camera calibrations, exposure times of 
each photograph, and a brief summary of mission results far these experi¬ 
ments. Photographic ephemerides, Apollo 17 timing system and (IMT conver¬ 
sion, and burns and other events are also given. 
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Alr.o aval I able as supporting data Cor Apollo 15, 1<», and 17 map]) i up, tame) a 
systems is the final report on the selenocontric geodetic reference system 
that includes terrain and exposure station position tables. This report 
is suppliod on microfiche, the data in the geodetic leleitncc docuimnla 
tion are based on data from the mapping camera system. 'll.. terrain po-’.i- 
tions were derived from phologrnmmetric techniques using mopping camera 
photographs, altimeter data, and stellar camera attitude data. I.xposure 
station points were obtained from tracking data. The procedures used are 
described in the text. The terrain and exposure point tables include 
•joint number; Cartesian X, Y, and Z positions; and spherical position as 
latitude, longitude, and radial. Maps accompany tiie terrain point tables. 

S-BAND TRANSPONDER 

The S-band transponder, which was carried on the Apollo 1- and Id.through 
17 missions, measured the gravitational field to provide inlormation on 
the lunar mass distribution and its correlation with surface features. 

The lunar gravitational field was measured by observing the dynamic motion 

of the spacecraft in free-fall orbits. 

The observational data were the precise Larth-bnsed radio tracking measure¬ 
ments used initially for real-time navigation. However, these Hne-ol- 
sight velocity measurements could only be obtained while the spueeLia 
was in view of the Uarth; therefore, no farside data are available. Ihe 
data were derived from radio tracking data in the following manner. A 
’115-MHz radio signal was transmitted from the Uarth to the spacecraft 
where it was multiplied by a factor of 240/221 and retransmitted to Uarth 
at the new frequency. On the Uarth, the initial transmitted frequency, 
multiplied by 240/221, was subtracted from the spacecraft signal, lhe 
resulting cycle count differences were recorded, along with the time at 
which they were measured. Because the fractional part of a cycle count 
was measured, the resolution was 0.01 Hz, or O.b mm/s. 

S-band transponder data were also obtained from the h>4 on Apollo 1-, 14, 
and 17 and on the subsatellites on Apollo 15 and lo in the same manner. 

New detailed gravity measurements of many nearside lcatures such as Coper¬ 
nicus, Sinus Medii, and Mare lecunditatis were obtained from S-baiic trans¬ 
ponder data. 

S-Band Transponder Data 

Because the data from the subsatel 1Ltes ISSs) and LMs are included with 
the CM data, these are described in this section, lablo 5-10 shows the 
dtitu stored at NSSUC. NSSUC ID numbers, necessary when ordering data, 
are provided in the Index to Available Data* 
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Tabu 
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S-Nniul Transponder Accelernt ion I »• *t-; i fit 


NSSIK. 


Mission 

Time Period 

Remarkr* 

Analyzed 

Dal a on 
Magnetic 
Tapes 

Riots on 
Microfi lui 
lh ‘u i s A 

Apollo 12 





CSM 

Nov. ID, IDCiD 

Orbit number 14 


1 

LM 

Nov. id. 1999 

Descent data and 





Crash data 





(corrupted) 


i 

Apollo 14 





CSM 

I'eb. 4-5, 1571 

Orbits 3-5, 7, 8, 





1U, 11, 13, 14 

1 

i 

bin 

I'cb. 7, 1D71 

Crash data 


i 

Apollo 15 





CSM 

July 30-31, 1D71 

Orbits 3-11, lt> 




July 30 - Aug. 4, 





1D71 

Orbits 15-70 


■> 

** 

SS 

Nov. 3b, 1971 - 





1-eb. 25, 1973 


3 

5 

Apollo lo 





CSM 

Apr. 2C-21, 1972 

10 orbits 





(not specified) 

T 

1 

SS 

May 2-19, 1972 


1 

1 

Apollo 17 





CSM 

Dec. 11-12, 1972 

10 orbits 





(not specified) 


i 

IJ4 

Dec. 15, 1972 


1 

(1 m’t’iehe) 


*Sevcn reels total. 


Acceleration Data 

Those S-band transponder data, received from the experimenter, are ana¬ 
lyzed data listed on i(>-mtn microfilm and on magnetic tapes for the Apollo 
12 and 14 through 17 CSMs; the Apollo 12, 14, and 17 I .Ms; and Apollo 15 
find lb SSs. Time and the Doppler residual are included. Time is in tl) 
GMT, (2) minutes, (3) minutes since the reference epoch, and (4) minutes 
on the associated plot for that particular data point. the Doppler resid¬ 
ual (in Hz') was calculated from a theoretical model containing (1) plan¬ 
etary perturbations, (2) liarth rotation, (3) precise station locutions, 
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(-1) tropospheric model, and (51 precise station transit times removed from 
the returned signal. Also listed are spacecraft altitude, spacecraft se- 
lonographic latitude and longitude, theoretical value of the Doppler shift 
calculated by the spline program used in the least squares fit, accelera¬ 
tion determined by analytic differentiation of the spline at the reference 
point, and a residual in Hz. liood data show an rms residual of about 
£0.005 ilz• In the cases of the LMs, the data cover the LM descent (10-s 
and 1-s resolutions) and the LM ascent stage crashes. (For Apollo 12, LM 
crash data were corrupted by rocket firings.) 

On the microfilm, the first four pages for each orbit printout contain 
selected program parameters. An article published in Science that reports 
some data results is also included with the microfilmed data as is the 
program used to analyze these data. 

The identical data are also available on 7-track magnetic tapes written in 
BCD at 800 bpi. The data include the subsatellite lunar latitude and lon¬ 
gitude in 2° increments and the acceleration in mm/s 2 or Hz. The Apollo 
17 data also lists the spline fit for the Doppler residual. The data are 
time ordered, although time is not listed explicitly. 


BISTATIC RADAR 

The bistatic radar experiment utilized the S-band (13 cm) and very high 
frequency (116 cm) transmitters on the CSMs of Apollo 14, 15, and 16. The 
CSM was oriented to direct the transmissions to an area from 5 to 10 km in 
> on the lunar surface. The radio signals reflected from the lunar 

. received on Earth in a manner that preserved the frequency, 

• ■ '• :ation, and amplitude information. Differences between the 

eristics of the echoes from the lunar surface were used in 
nh scattering theory to derive quantitative inferences about 
th lunar properties inferred were the dielectric constant, the 

average s A upe and slope probability, density, small scale surface rough¬ 
ness, and embedded rocks to a depth of 20 m. 


Bistatic Radar Data 

Data available from NSSDC, described in the following sections, are on mag¬ 
netic tape in the form of reduced short-time averages for the 13-cm and 
116-cm observations. These tapes are referred to by the experimenters as 
JM Doptrack tapes. Combined 13-cm and 116-cm observation data, derived 
from the JM Doptrack tapes, are also available. These tapes are referred 
to by the experimenter as integral tapes. Table 5-11 lists the number of 
magnetic tapes available for each type of data. When ordering these data, 
refer to the Index to Available Data to obtain the NSSDC ID numbers neces¬ 
sary for satisfactory request completion. 
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Table 5-11. Bistatic Radar Data at NSSDC on Magnetic Tape 


Mission 

Date of 
Observation 

Apollo 14 

fob. 6, 1971 

Apollo 15 

Aug. 1, 1971 

Apollo lo 

Apr. 23, 1972 


_ Reduced Short-Time Averages 
13 “ em I UO-cra | Combined Data* 


*A11 combined data on one magnetic tape. 

Reduced Short-Time Averages 

These data are on 9-track, 800-bpi, binary magnetic tapes written in me 
Sigma 5 machine images. The 13-cm and 116-cm data have t-“ c«««efLr 
instrumental effects, but are unedited. The tapes incLk abnegations 

trajectory. 1 tr ‘‘ )CCtor> ' data and « r tain ancillary data computed from the 
Each tape file contains a header record followed by many data records 

The tZ r °“ rd r 1UdM a file ida "tifiar, the date Uie data w"e iaken 

the time increment between the midpoints of each data-averaeins SI 
the number of records following the header record. 8 8 f * ,d 

The data records are grouped in frames of six records each The fi™* 
records contain observational data, and the sixtH contain epll Lr s Lta 

TrL Jn T T0 ^ di in ? ach fra ” e contai " alements of the coScy ma-* 
tnx (J). Record 1 contains Jll m, record 2 contain iA ,°“ erenc y ® a ; 

m ta l n A the T Tl f art ° f 312 (K) ' record 4 has the imaginary part Xj 12 

Record? nf COrd i * h ® fractional polarization of the received signal 

Record 6 of each data frame lists UT2 at the midpoint of the f ramo * 

reflected Doppler shift minus the direct Dopple/shift thl , 

width for an rms surface slope of OheL S;’.? 16 pred , lcted band- 

t altitude and speed, the radar cross-section predicted for a amnnth 
conducting Moon, the radar cross-section divided by the receive * ™ H 

hJ 1 as the co ®P oneat;s of stenographic unit position vectors for^he^osi- 
tion and velocity of;, bl.ie spacecraft, the vector for the position of *u P 

of°thi a LS int, A? nd 5 he - V ® c 5 or from the center of the Moon to the center 
of the Earth. Also included are the stenographic latitude anl lonoitmie 

for the spacecraft and specular point positions, the component 0 fX 

the P ief| Sh J fl i r ? lev ? nt t to tho Earth’s rotation, the total Doppler shift of 
the reflected signal, the speed of the specular point on the surface of f 

«oX°";J?' UCle 10011 11,1810 t0 li0rt "' aad -*1« o^u^izon 
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The combined data are complete sets of analyzed data records derived from 
the reduced data records (the JM Doptrack tapes) and are referred to as 
the integral tapes by the experimenters. These data were received from 
the experimenters and are on 9~track, 800-bpi, binary tapes written in XUS 
Sigma 5 machine images. The data contain certain properties of the reduce 
data as well as inferred properties of the lunar surface. 

Each tape file is composed of one header record followed by many data 
records* Each header record contains a file identifier, the date data were 
taken, the time increment between the midpoints of each data-averaging 
frame, and the number of data records following the header record. Data 
records include the polarized power, normalized power, unpolarized power, 
equivalent bandwidth, normalized absolute moment bandwidth, normalized 
second moment bandwidth, centroid of the echo spectrum, rms slope inferred 
from equivalent area bandwidth, handscaled half-power echo bandwidth, a 
data validity flag, spacecraft antenna gain (or zero), and all the ephem- 
eris and ancillary data contained on data record six in each data frame of 
the reduced short-time averaged data tapes. 


gamma-ray SPECTROMETER 

The gamma-ray spectrometer v?as carried on the CSM on Apollo 15 and 16. It 
was used to conduct geochemical mapping of the lunar surface by observing 
the emitted gamma-ray radiation. In addition, during the transearth coast 
phase of the mission, this experiment was used for garoma-ray astronomy. 

The instrument consisted of a 7- by 7-cm thallium-activated sodium iodide 
scintillation crystal enclosed in a plastic scintillator shield. Tire 
«hield was placed in anticoincidence with the sodium iodide crystal to 
eliminate counting events caused by charged particles. In normal opera¬ 
tion, the instrument was deployed on a 7.6-m boom, which reduced its re- 
sponse to cosmic-ray interactions and radioactive sources in the spacecraft. 
The instrument responded to gamma rays from 0.5 to 30 MeV. arid had an energy 
resolution of approximately 8 percent. The angular resolution of the lunar 
surface was approximately 2° to 3° or 70 km. 

The experiment on Apollo 15 operated from July 28 to August 7, 1971, and on 
Apollo 16 from April 20 to 27, 1972. Some energy resolution problems oc¬ 
curred during the Apollo 15 mission. NSSDC has data for the Apollo 15 mis¬ 
sion only. Refer to the Index to Available Data to obtain the NSSDC ID 
numbers necessary for ordering these data. 


Gamma-Ray Spectrometer Merged Data 

Forty-four magnetic tapes containing merged spectrometer data from Apollo 
15 are available from NSSDC, These tapes are 7-track, 800-bpi, IBM 7094, 
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binary tapes with 3<>-bit words and unblocked records that contain mixed 
data. The data are written in a repeating series of four records and con¬ 
tain the following information. 

• Record 1 - Trajectory parameters: GMT, lunar coordinates, etc. 

• Record 2 - Gamma-ray and X-ray spectrometer parameters: GMT of 

ground receipt, SIM bay temperature, engineering flags, 
etc. 

• Record 3 - Housekeeping parameters: electronics, detector, and 

boom temperatures; boom position; etc. 

• Record 4 - Gamma-ray spectrometer data: GMT, counts measured in 

channels 0 to 511 at 3.27b8-s intervals. 

The data were obtained between July 28 and August b, 1971. 

Gamma-Ray Count Rate Data 

These gamma-ray count rate data from the Apollo 15 mission are on one 
16-mm reel of microfilm. They are in the form of latitude-longitude ma¬ 
trix tables prepared by summing 2° x 2° areas of the lunar surface over¬ 
flown by the Apollo 15 GSM. The summed counting rates are for 20 energy 
intervals ranging from 0.334-0.371 MeV to 6.37-8.00 MeV. 


X-RAY FLUORESCENCE 

This experiment, carried in the scientific instrument module (SIM) of the 
Apollo 15 ami lb GSM, was used for orbital mapping of the lunar surface 
composition and X-ray galactic observations during transearth coast. The 
instrument consisted of three large-area, 0.0025-cm thick, beryllium win¬ 
dow proportional counters with state-of-the-art energy resolution; a set 
of two large-area filters for energy discrimination among the character¬ 
istic X-rays of aluminum, silicon, and magnesium; and a data handling sys¬ 
tem for count accumulation, for 8-channel pulse-height analysis, and for 
relaying data to the spacecraft telemetry system. Also included was a 
solar X-ray monitor. The large-area proportional counters were collimated 
to fields of view of about: 60° and yielded a resolution on the lunar sur¬ 
face of 111 x 148 kin. 'Hie data were obtained from an orbital height of 
18 x 10b km on both Apollo 15 and lb. NSSDG ID numbers, necessary for 
ordering these data, are found in the Index to Available Data. 
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Lunar Orbit X-Ray Data 

* 

Theso data are reduced lunar surface data supplied by the investigator on 
one magnetic tape for each mission. The tapes arc 9-track, JoOO-bpi, 

IBM 360, binary tapes. The fundamental data arc the count rates for each 
channel of the throe lunar surface oriented detectors as a function of 
lunar position. (The solar detector data arc useless because of satura¬ 
tion effects.) The data are time ordered. FORTRAN programs are included 
to help the user in the preliminary analysis of these data. The data are 
available for the following dates. 

Apollo 15 - July 30 to August 4, 1971 
Apollo 16 - April 20 to 24, 1972 


ALPHA PARTICLE SPECTROMETER 

The alpha particle spectrometer, carried on Apollo 15 and 16, was designed 
to determine the lunar surface radon evolution and, with the other geo¬ 
chemical experiments (gamma-ray spectrometer and X-ray fluorescence), de¬ 
termine lunar surface composition and identify localized sources of en¬ 
hanced radon emission that may correspond to regions of enhanced lunar 
outgassing. The data obtained on the gross rate of surface radon emana¬ 
tion and on localized sources of enhanced radon emission were used in 
constructing radiation maps showing lunar surface inhomogeneities. 

Measurements of alpha particle emission from deep space background were 
made during lunar orbit and transearth coast. The spectrometer used in 
this experiment was composed of a 2 x 5 array of 10 silicon surface barrier 
detectors housed in the same enclosure as the X-ray fluorescence experiment. 
Bach of the 10 sensors looked toward the Moon with a 90° full angle field 
of view. 

Each sensor had its own preamplifier, the outputs of which fed into a com¬ 
mon analog-to-digital converter that in turn sorted the pulses into 256 
energy channels in the range 4.5 to 9.0 MeV. The instrumentation was de¬ 
signed to turn off the other nine detectors when an event was registered 
in one of the detectors. The other nine detectors remained off until the 
event had been analyzed. Pulse-height channel information for up to a 
bit-rate-limited value of 10 events/s was telemetered. The average alpha 
particle rate encountered was about 1 count/s. Controls were available in 
the CM to activate or deactivate the e^'eriment. The experiment performed 
normally throughout the missions. NSi. , ID numbers, necessary for order¬ 
ing these data, are located in the Index to Available Data. 
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256-Channel Pulse-Height Analyzer Data 

These data, submitted by the experimenters, are reduced pulse-height ana¬ 
lyzer data from the 256-channel pulse-height analyzer, alpha particle 
spectrometer. The data are on 9-track, 800-bpi, binary magnetic tapes 
generated on an IBM 360 computer. There are two magnetic tapes for each 
mission covering the following time spans. 

Apollo 15 - July 29 to August 5, 1971 

Apollo 16 - April 19 to 25, 1972 

There are a variable number of physical records per tape with 20 logical 
records per physical record, and each logical record is 48 8-bit bytes in 
length. Each logical record corresponds to 1 s of spacecraft telemetry, 
i.e., to one of the good records in the unreduced telemetry tape. A "good," 
unreduced, telemetry record is one that has no more than 19 '’bad' 1 data 
flags set. Each record contains the time, 3 temperature measurements, 
data flags, 10 pulse-height channel numbers and detector identification 
for each, and several housekeeping parameters. 


MASS SPECTROMETER 

A mass spectrometer experiment was included on the Apollo 15 and 16 missions 
( Hoffman , 1972). The objective was to obtain composition data in order to 
study sources, sinks, and transport mechanisms of the ambient lunar atmo¬ 
sphere. The analyzer was a dual-collector, single-focusing, sector-field 
spectrometer and was mounted on a retractable boom. When fully extended, 
the boom placed the spectrometer 7.3 m from the spacecraft, a distance an¬ 
ticipated to be beyond the outgassed molecular cloud. 

Control of the experiment functions and boom motion was provided by a set 
of five switches in the CM, which were operated by a crew member according 
to the mission time line or by instruction from the ground controller. 
Instrument weight was 11 kg, and its dimensions were approximately 30 x 
32 x 23 cm. 

A scoop mounted on the top of the package was the gas inlet plenum. This 
inlet was oriented along the spacecraft velocity vector for maximum ram 
when ambient measurements were obtained, and it was oriented in the wake 
direction to determine background spectra and instrument outgassing. The 
plenum contained the spectrometer ion source, which had redundant fila¬ 
ments mounted on either side of the ionization chamber. Several outgassing 
operations during flight maintained the ion source in a reasonably out- 
gassed state. On Apollo 16, an inner plenum was heated to about 520 K 
then held constant at 343 K. 
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Use of a two-collector system in the analyzer permitted the simultaneous 
scanning of two mass ranges: 12 to 28 and 28 to 6b u. Mass resolution 
was approximately a 1 percent valley at mass 40 u. Ihc mass sweep was 
achieved by varying the applied high voltage m a series of olO steps over 
the range from b20 to 15b0 V with a dwell time of approximately 0.1 s. 
Thirty additional steps at 0 V were used to determine the background count 
ing rate and to apply internal calibration, and b2 s were required to com¬ 
plete a mass scan. The voltage step number that determined the ™ss number 
of the ion being measured was identified by counting from step one (a sweep 
start flag). Bendix electron multipliers were used as pulse amplifier 
determine the counting rate of ions passing each collector slit for each 
voltage step. Prelaunch experiment calibration included operation in 
molecular beam facility. 

The mass spectrometer experiment on Apollo 15 operated for a^ total, of 9° h. 
40 h during lunar orbit and 50 h during transearth coast. During lunar 
orbit the Apollo 16 obtained approximately 100 h of data, but malfunction 
of the boom before transearth insertion prevented further operation. Nore 
details on this experiment can be found in Hoffman, 1972, and m ie po o 
15 and 16 Preliminary Science Reports. 


Mass Spectrometer Data 

These data are complete mass spectra available on magnetic tape and on 
16-mm microfilm. The data include the background count level of each ana¬ 
lyzer channel, the amplitude of each mass peak, decommutated housekeeping 
data and pertinent spacecraft trajectory information including orbit nuro- 
ber^'latitude and Ion.. de, velocity, altitude, and relative Sun position. 

The data on magnetic tape are formatted as blocked, variable-length records 
that are not labeled. These 800-bpi, 7-track tapes were Produced on an 
IBM 360 computer. All integers and real numbers are internal V 

nary and floating point representations, respectively. Each spectrum 

data is contained in three records. 

The microfilm data are a formatted output of the data on magnetic tape. 

The format presents sequential pairs of mass spectra (high- and low-mass 
channels) along with background and other data on the magnetic tape. Eaci 
summary chart covers several hours of experiment operation, ihc following 
mass spectrometer data are available from NSSDC. Refer to the Index to 
Available Data to obtain NSSDC ID numbers necessary when ordering these 

data. 


Apollo 15 - July 30 to August 7, 1971 

(Three magnetic tapes and six reels of 

microfilm) 
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Apollo 1<) - April 20 to 24, 1972 

(Four magnetic tapes and four reels of 
microfilm) 


FAR ULTRAVIOLET SPECTROMETER 

The ultraviolet spectrometer carried on Apollo 17 provided observations of 
the lunar surface, lunar atmosphere, zodiacal light, solar atmosphere emis¬ 
sions, and galactic and stellar emissions ( [Fctatie, 1973). The sensor was 
an Ebert spectrometer, with a 0.5-m focal length that measured the radia¬ 
tion intensity as a function of wavelength from 1180 to 1680 A. Its op¬ 
tical components included an external baffler, entrance slit, Ebert mirror, 
scanning diffraction grating, exit slit, exit slit mirrors, and a photo¬ 
multiplier. The grating had an area of approximately 100 cm 2 with 3600 
grooves/mm. A grating mechanism included a rotating cam, with a cam fol¬ 
lower that tilted the grating back and forth within the spectral region. 

The complete scan from 1180 A was achieved once every 12 s. A fiducial 
mark indicated the end of the scan, and its output synchronized the data 
word format. The photomultiplier tube produced an electrical signal that 
was related to the intensity of the incident light. An electronics module 
included all the signal-processing circuitry for telemetry. This experi¬ 
ment obtained data from December 10 to IS, 1972. 


Far UV Spectrometer Data 

These data were provided by the experimenter and are available on five 
7-track, binary magnetic tapes that were written at 556 bpi by an IBM 7094 
computer. They are also on five 16-mm microfilm reels. The data were ob¬ 
tained from December 10 to 19, 1972. 

Each magnetic tape contains one file of data. Each 12-s spectrometer scan 
is represented by a physical record containing 125 36-bit integer words. 
Record word numbers 6 to 120 are data words and represent the number of 
photoelectrons/0.1 s. The wavelength interval corresponding to each data 
word is identified. Calibration information is provided so that the output 
can be converted to brightness in rayleighs. Some of the parameters in¬ 
cluded in the aspect data are the distance to the Earth, the optic axis 
right ascension and declination of the UV spectrometer (UVS), the angle be¬ 
tween the UVS optic axis and the Sun, and the angle between the UVS optic 
axis and the Moon. The data are time ordered and include all the data 
obtained. 

The data on five microfilm reels are graphic displays of some of the data 
that are on the magnetic tapes. These data are not ordered by time; they 
are displayed in two forms: averages of the spectra and time variations 
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in the intensities observed at 1216, 1275, 1304, 1470, 1556, and 1657 A. 

The five spectra used in each display frame are identified, and the actual 
elapsed timo (hours, minutas, and seconds) of the first spectrum is givon. 

The ordinate shows average counts/bin, and the abscissa displays bin number 
(wavelength interval). The counts shown are the average over five spectra. 
The average counts/bin value can be converted to brightness in rayloigis. 

The time variation plots on the microfilm show the brightness in rayleighs 
(ordinate) as a function of actual elapsed time expressed in decimal hours. 
Each variation plot contains 1 h of data with the wavelength given. The 
accompanying aspect data are the same as those on the magnetic tapes. 

NSSDC ID numbers, necessary for ordering these data, are located in the 

Index to Available Data, 

LUNAR SOUNDER EXPERIMENT 

The Apollo 17 lunar sounder experiment (ALSE) was designed to: 

• Map the subsurface electrical conductivity structure to infer 
geologic structure, 

• Make surface profiles to determine lunar topographic variations, 

• Produce surface imaging, and 

• Measure galactic electromagnetic radiation in the lunar environ¬ 
ment. 

The ALSE was a 3-wavelength coherent synthetic aperture radar (CSAR) °P e * a ~ 
ting at 60, 20, and 2 m (5, 15, and 150 MHz). The radar data were recorded 
on 70-mm photographic film in a conventional CSAR format and returned to 

Earth for processing. 

There were three frequencies. The first high frequency (HF-1) system 
(5 MHz) was capable of the deepest exploration. The second high *®^® n ®£ 
(HF-2) system (15 MHz) was operated simultaneously with the HF-1 system to 
provide partial overlap in the depth of exploration, trading off for im¬ 
proved resolution. The very high frequency (VHF) system (150 KHz) was 
designed for shallow sounding and for surface imaging. Chirped pulses were 
transmitted at various rates of pulses per second. All three rrequencies 
were capable of surface profiling. Separate transmit/receive antenna sys¬ 
tems were provided for the HP and VHF ranges. The returned data were op¬ 
tically processed and provide good profiles of the lunar surface/subsurface. 
NSSDC ID numbers, necessary for ordering these data, are located m the 

Index to Available Data. 
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Lunar Sounder Data 

These sounder data at frequencies of 150 Mllz (VHF), 15 Nlllz (IIF-2), and 
5 Mllz (1IF-1) arc filmed plots prepared by the linvironmental Research 
Institute of Michigan on 70-mm film. The images wore produced with vari¬ 
able azimuth domagnification for the various frequencies. The frequency- 
plane aperture was sot to achieve various slant-range and azimuth resolu¬ 
tions. The pulse sidelobes were degraded by a range weighting factor. 

The film scale parameters vary with the frequency along the film and across 
the film. Time ticks occur every 9 s for the HF-2 and HF-1 and every 45 mm 
along the signal film for the VUF. Locations can be determined by measur¬ 
ing from the breaks in data when the sounder was turned on and off. 

A holographic viewer is required for interpreting the data on these plots. 
Because of instrument variations, different viewers could give results that 
do not agree with each other. 

These data were obtained from December 11 to 16, 1972. There are two reels 
of 70-mm film for the VHF data and one each for the HF-2 and HF-1 data. 
Table 5-12 provides additional information about these data. 


Table 5-12. 

Apollo 17 Lunar 

Sounder Data 


Parameter 

VHF 

System 

HF-2 

HF-1 

\ 

Frequency (MHz) 

150 

15 

5 

Translation Rate (pps) 

2000 

400 

400 

Azimuth Demagnification 

3.42 

69.85 

69.85 

Resolution (m) 

10 (si range) 

60 (Az) 

100 

300 

Sidelobe Degradat'on 
Factor 

2.2 

2.2 

2.2 

Film Scale (mm/s) 

Along 

Across 

1.46 

7.14 x 10 s 

7.16 x !0“ 2 
4.04 x 10 4 

7.16 x 10 -2 
4.04 x 10 4 
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Lunar Sounder Supporting Data 

Supporting data and explanatory information for the Apollo 17 lunai^ sounder 
experiment were produced by the linvironmontal Research Institute of Michigan 
and arc on sevon microfiche cards. Includod are descriptions of the VIII’» 
llF-1, and 1IF-2 optically processed lunar sounder data supplied to NSSIX.. 


LUNAR SURFACE EXPERIMENTS 

Lunar surface experiments were deployed and, in some casos, operated by 
tho astronauts. The experiments forming the early Apollo surface experi¬ 
ments package (EASEP) on Apollo 11 and tho Apollo lunar surface experiments 
package (ALSEP) on Apollo 12 and 14 through 17 were deployed on the lunar 
surface as far from the LMs as possible and on the most level surface 
available. Figure 5-11 shows the deployed ALSEP from the Apollo 12 mission. 



Figure 5-11. Deployed Apollo 12 ALSEP experiments: A - Cold cathode gage 
experiment; B - Solar wind spectrometer; C - Passive seismic experiment; 

D - Lunar surface magnetometers. 
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Most of the ALSEP experiments were connected to a central station that 
consisted of a radioisotope thermoelectric generator to supply power. A 
base antenna allowed for transmi tt ing the data to faith. 

In addition to these powered instruments, surface experiments were per- 
formed by the astronauts on the surface and were returned to Harth in the 
CM. These included lunar field geology, surface mechanics, and solar wjik. 
experiments. To facilitate the lunar surface tasks, a modularized equip¬ 
ment transporter (MET) was designed for tlie Apollo 14 mission, Die Ml.l 
could be pulled across the lunar surface and contained tools for the astro 
nauts. To extend the range of the astronauts, the lunar roving vehicle 
(LRV1 was carried on the LM on Apollo 15, lt>, and 17. Ihis vehicle was 
driven by the astronauts and increased their mobility to a distance ot^ 
approximately 30 km within a 3.5-km radius from the LM. See lable 5-13 
for more information on surface activities. 



Table 5-13. 

Lunar Surface Activities 


Mission 

ALSEP Deployment 
Coordinates* 

Rr-lial Distance 
Traveled (km) 

Total Distance 
Traveled (km) 

Apollo 11 

23°30'E, 0 0J 2’N 

0.1 

0.2 

. ' >ollo 12 

3°11*S, 23°23*IV 

1.5 

3 

.polio 14 

3°40*S, 17°2?MV 

1.5 

3 

Apollo 15 

26°06'N, 3°39»E 

3 

20 

Apollo 16 

9°S, 15°31'E 

3 

20 

Apollo 17 

20°1'N, 30°46'E 

3.5 

30 


*Selenographic coordinate system. 


The experiments for which NSSDC has data are listed in Table 5-14, and 
these experiments and data are described in the following sections.* Some 
of the ALSEP experiments are still active as noted m lable 5- 14. Sec the 
Index to Available Data to obtain the NSSDC ID numbers, which ur^ necessary 
when ordering these data. More detailed discussion of the lunar surface 


*N0TE! The photography and S-band transponder data were described in the 
Command and Service Modules section. 
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Tablo 5-14, Lunar Surface Expoi imentn for which NSSUC has 


Lata 


Minn ion 


Experiment AjmUo U Apollo 12 Apollo 14 Apollo 15 ApOl ,M ApoU 1 7 

Lunar Field Geology X X X X X * 

Soil Mechanic n X X X X X 

Passivo Soinmlc X X* X* '* X 

Y X 

Active Golnmic 
Selnmlc Profiling 

Laser Ranging Rotrorofloctor X* X* X* 

Surface Magnetometer and 

Portable Magnetometer X 

Heat Flow * l 

X 

Traverse Gravimeter 

X 

Surface Electrical Properties 

Neutron Probe , 

y y X 1 * 

Suprathcrmal Ion Detector * 

v x* 

Cold Cathode Ion Gage 
Charged Particle Lunar 

Environment A 

Atmospheric Composition 

V X 

Solar Wind Spectrometer A 

Cosmic Ray 

Far UV Camera/Spectrograph 

V X 

Lunar Dust Detector — 

♦Actively returning data as of January 26, 1977* 

experiments can be found in Apollo Scientific Experiments Data Handbook 
ciETOtsim, August IS74), prepared by JSC. An update to this uocu- 

ment was prepared in August 1976. 

LUNAR FIELD GEOLOGY INVESTIGATION 

The lunar field geology investigation was designed to obtain a better 
eWcs-nnaimr of the nature and development of the landing areas and the 
nrocesses that modified the surfaces through the study of documented lunar 
ecological features and returned lunar samples. This experiment was con- 
§ t d bv the Auollo Lunar Geology Experiment Team, in consultation with 
the 1 Manned*Spacecraft Center (now JSC) Science Working Panel representing 
J£e requirements of principal investigators for sample analyses. See 
Table 5-15 for lunar sample information. 

The major equipment used for this experiment included hammers, tongs^ an 
extension handle, a small sampling scoop, a gnomon/color patch, a spr g 
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Table 5-15. Lunar Field Geology Investigation 


Mission 

Whole 

Rocks 

Weight 

(kg) 

Surface Cameras Used’ 1 ' 

Apollo 

11 

> 20 

22 

Hasselblad, Maurer, 

Stereo 

Apollo 

12 

50 

34 

llasselblad, Maurer, 

Stereo 

Apollo 

14 

69 

43 

Hasselblad, Maurer, 

Stereo 

Apollo 

15 

335+ 

77 

Hasselblad, Maurer, 

TV 

Apollo 

16 

> 110 

95 

Hasselblad, Maurer, 

TV 

Apollo 

17 

> 300 

110 

Hasselblad, Maurer, 

TV 


♦Data included with Command Module photography, 
flncludes core tubes and soil fines. 


scale, documented sample bags, sample collection bags, special environ¬ 
mental sample containers, a closeup stereo camera, other cameras, and 
sample return containers. Geology core samples were obtained with the use 
of the Apollo lunar surface drill that consisted of core stems, bits, and 
caps. The hand tools used for this experiment were carried by the astro¬ 
nauts on Apollo 11 and 12 and were located on the modularized equipment 
transportei on Apollo 14 and on the Apollo lunar hand tool carrier attached 
to the lunar roving vehicle aft pallet on the last three missions. 


Lunar Field Geology Data 

The lunar field geology data described in the following sections are listed 
in Table 5-16. The NSSDC ID numbers, necessary when ordering these data, 
are given in the Index to Available Data. Other identifying information is 
necessary to insure satisfactory request completion. These data can be 
retrieved when requested by specific sample numbers, or a representative 
photograph car. be supplied if a mineral type is specified. In some cases 
where samples have been named (e.g., "Great Scott"), photographs can be 
provided by the name identification. Some thin-section photographs (pho¬ 
tomicrographs) taken by experimenters are available from NSSDC. Those 
experiment photographs not stored at NSSDC can sometimes be located by 
NSSDC in response to requests. To order lunar field geology data, it is 
suggested that the catalog and index described in the following sections 
be ordered first. These will aid in selection, but note that NSSDC does 
not have photographs of all the samples described. The lunar sample data 
base, also described here, is another source for determining useful sample 
data. 
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Table 5-16. Lunar Field Geology Data at NSSDC 


Mission 

Photographs ~| 

Lunar 

Sample 

Data 

Base* 

Index 

M’filra 

Reels* 

Catalogs 

Drawings 

35-mm 

B/W 

70-mm 

4 x 

in. 

8 x 

10 in. 

M’fic. 

Cards 

M’film 

Reels* 

B/W 

Color 

U/W 

Color 

B/W 

Color 

Apollo 11 

719 

335 


164 

4 



1 

1 

7 

1 


Apollo 12 

63 

1825 

71 

2005 

530 



1 

1 

6 

l 

3 

Apollo 14 

38 

50 


1591 

15 

1783 

243 

1 

1 

3 

1 

10 

Apollo 15 



1631 

333 

55 

2150 

306 

1 

1 

6 

1 

30 

Apollo 16 

3 



69 

704 



1 

1 

7 

1 


Apollo 17 




95 

355 



1 

1 

8 

1 



♦All missions on one reel of microfilm* 


Photographs of Geologic Samples 

Photographs of geologic samples returned from the Moon w ®|® r ®£ e ^® d as 
35-mm, 70-mm, 10.2- x 12.7-cm (4- x 5-in.), and 20 * 3 * * J 5 . 4 -cm (8 x 
10-in.) frames, some in color and some in black and white. (See Table 
5-16 for specific information.) These frames can be supplied as enlarged 

paper prints. The photographs show the samples in a arbitrary 

in their containers, (2) beside a centimeter scale, and (3) in arbitrary 

orientations designated by cardinal compass points. For Apollo 17, pho¬ 
tographs of samples mounted on a disk with compass orientations as they 
were at the lunar location of the rocks are also available. ''Jiere ^unar 
rocks have been broken, each piece is shown separately. Assigned sample 
numbers are on some of the photographs. This number is a combination o 
the mission number and sample number. In some cases, the first g 
the mission number has been dropped; thus, 6035 identifies sample 35 fr m 
Apollo 16. Some of the 35-mm frames of thin sections, slices, and coarse 
fines have no identification other than frame number. Details are very 
good in much of this photography, and the photographs may be used for 

scientific studies. 


Lunar Sample Data Base 

These data are the current edition of the lunar sample data base for sam- 
pies returned by all Apollo landing missions. The data base is 
by the Curator’s Office at NASA/JSC. 'Hie version available from NSSDC is 
contained on 16-mm microfilm and includes (1) a bibliography ot published 
papers concerning lunar samples, (2) the analysis printout of the lunar 
sample data base, and (3) the book printout of the lunar sample data base. 
The bibliography is for a collection of published papers concerning the 
lunar samples and other related topics. A copy of the bibliography with 
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author index may be obtained from the Curator's Office at NASA/JSC or from 
NSSnC by requesting the "Bibliography and Author Index of Formally Pub¬ 
lished Papers Concerning Lunar Samples." Each reference has an accession 
number in which the first two digits are the year of publication, followed 
by sequential numbers for each year. 

The remainder of the lunar sample data base is a collection of published 
chemical, isotopic, age, and modal (mineralogic) data concerning the sam¬ 
ples. Noble gases, light gases, and organic molecules are not included. 

The data base available from NSSDC comprises over 30,000 entries. 

There are an additional 70,000 entries in the data base that are analyses 
of individual minerals, glasses, and lithic fragments. These data are not 
available from NSSDC but may be obtained from Dr. J. L. Warner, Code TN6, 
NASA/Johnson Space Center, Houston, Texas 77058. 

The data bases from NSSDC and JSC include sample number, phase (physical 
type of material, e.g., chip, glass, whole sample, etc.), element (an 
analyzed property such as age, elements, oxides, minerals, etc.), value 
(measured quantity), units of measurement, tag (a number to eliminate 
redundancy in replicate analysis), method of analysis (e.g., alpha spec¬ 
troscopy, colorimetry, or atomic absorption), and accession number (the 
assigned logging number in the bibliography). The block printout repre¬ 
sents one determination, which is the value for one "element." The entries 
are listed by sample number. Within each sample number, the entries are 
listed by element, first by modal, then by age and chemical data. All 
entries are for total samples only. Specific portions of the data base 
may be obtained when requested by sample number. The data base for all 
missions is on one reel of microfilm, and portions cannot be obtained by 
mission number. 


Lunar Sample Indexes 

Indexes to the lunar field geology photographs are available on 16-mm 
microfilm. The indexes provide frame number, sample number, orientation 
of the sample as photographed, and film type (B for black and white; C for 
color). The indexes are for all sample photographs and may include samples 
for which NSSDC has no photographs. 


Lunar Sample Catalogs 

These data catalogs of lunar sample information contain documentation, 
binocular descriptions, photographs, and a complete inventory of the lunar 
samples. Though compiled somewhat hastily and intended for internal use 
only, they are useful for determining those specimens an investigator might 
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want to study. Samples themselves must be obtained through the Curator's 
Office in Houston, but photographs of the samples may be obtained from 
NSSDC. 

Included in the catalogs are elemental abundances, inorganic and rare-gas 
summaries, and petrological information from gamma-ray detectors, pyroly¬ 
sis-flame ionization detectors, and other detectors for some samples. 
Tables and graphs are also included. The photographs are of identified 
samples. The catalog may be obtained on either microfiche or 16-mm micro¬ 
film. The quality of the film reproduction is poor. 


Drawings of Rock Sample Cuttings 

These cut-away drawings of rock samples from the Apollo 12, 14, and 15 
missions were received as 20.3- x 25.4-cm (8- x 10-in.) positive film 
sheets. The cut-aways illustrate how the rock sample was cut, how many 
pieces, the orientation of the rock, and the piece designation. These 
cut-aways may be used as a catalog for selecting sample photography. 
Drawings are not available for all the specimens for which we have pho¬ 
tographs, and in some cases we have drawings for which we have no sample 
photographs.. When rock sample photographs are requested of samples for 
which we have only cut-awav illustrations, drawings will be supplied. 


SOIL MECHANICS EXPERIMENT 

The objective of the soil mechanics experiment was to obtain data on the 
composition, texture, mechanical properties, and variation of lunar soils. 
These data were used to formulate, verify, or modify theories of lunar 
processes and history. Of particular importance are the characteristics 
of particle size, shape, distribution, density, strength, compressibility, 
dielectric properties, gas diffusion, erosion, and surface contamination. 
Data were obtained by photography, observation by the astronauts, examina¬ 
tion of returned samples, spacecraft behavior telemetry at landing, and 
a self-recording penetrometer. 

A sampling scoop penetrometer was included with this experiment on Apollo 
15 and 16. The scoop had interchangeable load plates and three cones of 
various diameters used in trenching activities. The self-recording drum, 
weighing 2.3 kg, could penetrate to a maximum of 76 cm and could measure 
a penetration force of a maximum of 111 N. A lunar reference plane rested 
on the surface while measurements were obtained and served as a reference 
datum for penetration depth measurements. The astronauts removed the head 
containing the self-recording drum from the penetrometer and brought it 
back to Earth. Mechanical properties measured were soil cohesion, porosity, 
particle size, density, coefficient of friction, friction angle, and pack¬ 
ing characteristics. 
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Soil Mechanics Oata 


Soil mechanics data are available from NSSDC as shown in Table 5-17. 
suits from the penetrometer instrument carried on Apollo 15 and 16 are 

Table 5-17. Soil Mechanics Data at NSSDC 


Mission 


Time Period 
Coverage 


Apcllo 11 July 20, 1969 


Data Format 


Published Report 


Remarks 


Surface soil is soft, 
slightly cohesive; granu¬ 
lar fine to medium grains 


Apollo 12 Nov. 19-20, 1969 Published Report* Soil similar to Apollo 

11, incompressible 


Apollo 14 Feb. 5-6, 1971 Published Report 


Apollo 15 July 31 - 

Aug. 2, 1971 


35-nun film 


Apollo 16 Apr. 21-24, 1972 35-nun film 


Strength increased with 
depth; greater variation 
than at previous sites 

Penetration 3.0 cm min. 
to 15.8 cm max. Stress 
1.0 N min. and 1.6 to 
34.8 N max. 

Penetration 1.8 cm min. 
to 74 cm max. Stress 1 
to 6.5 N min. to 3 to 
120 N max. 


Apollo 17 Dec. 11-13, 1972 Published Report* Density in core higher 

than at any other site, 


''Preliminary Science Report for appropriate experiment on microfiche. 


available on 35-mm microfilm. This film contains tables and graphs on the 
characteristics of the soil, with notes and corrections to the raw data. 

The data are divided into sections. Section A contains graphs, one for 
each index (station). Each graph shows the penetration depth (in cm) as a 
function of the stress (in N/cnr). Section B presents raw and reduced data 
in tabular form. The tables include information on lunar penetration data 
reduction for the lunar drum at each index. Tabular information includes 
drum load angle, drum circumference, load, stress, ratio of initial drum 
depth, drum depth reading, penetration depth, and correction applied. 
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Notes include times and locations of samplings, weight of -the package^and 
munition and performance o£ the equipment. Section C for Ap 

^3 SertioSfc andTfSr Apollo UdaJa include postflight notes and correc. 

tion factors including load calibration graphs depicting load (in N) ver 
sus circumferential deflection (in mm), penetration and load, 1P^tration 

^n 3 t ;° 5 n d«f°cSta“‘ l prem 3 l.t calibration £aph3 fir the drum and for 
the'actual/recorded^enetration ratio. These datyertain to a penetrating 
wii-E a tn° anex angle, a base area of 3.22 cm , and a Bearing piatc 
“rt risd. X 12^7-cm area. The six measurements (indexes) were made at 
station 8 on Apollo 15 and stations 6 and 16 on Apollo 16. 

For Apollo 11, 12, 14, and 17, soil mechanics data are contained in the 
Preliminary Science Reports for each mission. These papers include 
cussion of procedures and conclusions drawn from the data. 

PASSIVE SEISMIC EXPERIMENT 

The passive seismic experiments (PSEs), carried to the lunar surface on 
a i?r> ii 12 14 15 and 16, were designed to monitor lunar seismic ac- 

gS y “d to'detect^meteoroid i^-acts aS free osciilationsof the Moon 
A PSE was carried on lunar landing missions as part of the ALSEP and mea 
LTs 3“sSdf3ign33s from both external and internal sources of seismic 
13«gy ™ S3 Moon. The measurements obtained have been used to determine 
S3i«£nal structure of the Moon, the rate of energy release, and the 
number and mass of meteoroids impacting on the Moon. 

As a part of the experiment, lunar surface impacts of the spent Saturn 
booster rockets and LM ascent stages were used as external caiibration 

„ T-Vit* «sei smometers. The known mass and velocity of these stages 

sources f< 31 e lunar impact point coordinates enabled the com¬ 
at surface impact and the lunar imp P energy application 

putation of energy generated at impact and the poin hr vv 

from the measured seismometer responses. 

The passive seismic experiments (S? '%—■ 

*2 (triaxial^orthogonal) S wi t h* a - 0.004 

H I £ dJLri? range) and a shot' period (SP) seismometer ura- 

r lal •, v bis 1 ^rie^'LM^^r^ct^^r^^rt^fA^bpVwer-a- 

rr^^^otope heaters ^jwimum detectable 

Zi 3V pm for the LP output signal in the flat response mode. 
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thermal shroud after deployment. The three components of the sensor assem¬ 
bly were aligned along the two horizontal axes, LPX and LPY, and the ver¬ 
tical axis, LPZ. The instruments form a seismic network on the Moon. 

Four major discoveries have resulted from these experiments: (1) the exis¬ 
tence of a crust, mantle, and core, (2) cyclic moonquakes at 800 km (deep 
focus), (3) shallow focus moonquakes (depth about 300 km), and (4) effi¬ 
cient scattering of energy in a near-source region. 

Of the five passive seismometers that were deployed, four are still pro¬ 
viding some data. The Apollo 11 passive seismometer ceased functioning on 
August 27, 1969, but those from Apollo 12, 14, 15, and 16 continue to ob¬ 
tain data. In addition, the gravimeter experiment and the seismic pro¬ 
filing experiment on the Apollo 17 mission can function as passive seis¬ 
mometers with the seismic profiling experiment used as part of the seismic 
network. 

For Apollo 11, only seismograms on microfilm are available. For Apollo 12, 
14, 15, and 16, the types of data available are the following. 

• Passive Seismic Event Data (magnetic tape) 

• Passive Seismic Continuous Data (magnetic tape) 

• Compressed Scale Playouts (microfilm) 

• Compressed Scale Event Playouts (microfilm) 

• Expanded Scale Event Playouts (microfilm) 

• Artificial Lunar Impact Data (magnetic tape) 

• Selected Seismic Event Data (magnetic tape) 

• Compressed Scale Playouts of Selected Events (microfilm) 

• Expanded Scale Playouts of Selected Events (microfilm) 

• Catalog of Selected Events (microfiche) 

• Seismic Event Log (magnetic tape and microfilm) 

These data are individually described in the following sections, and the 
time periods for which they are available are given. Because data are 
obtained on a continuing basis, time periods will change as new data are 
received. Refer to the Index to Available Data for NSSDC ID numbers, ne¬ 
cessary for ordering these data. In addition, a Data Users Note t Apolto 
Seismologioat Investigations , is being prepared at NSSDC and will be avail¬ 
able in the latter part of 1977. It is listed on the order form for pre¬ 
ordering purposes. This DUN describes the seisaic experiments and data 
in more detail than attempted here. 

Passive Seismograms 

The Apollo 11 PSE data for July 20 to August 27, 1969, are contained on two 
reels of 35-mm microfilm. The microfilm records were made from hardcopy 
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seismograms obtained from the EASEP-PSE analog tapes at the Umont-ltoherty 
Geological Observatory. The tapes were received by NSSDC from NASA/JSL. 

Each seismogram contains approximately 6 h of data. The seismograms arc 
numbered in chronological order, with those obtained on the first lunar 
day numbered from 1 to 52 and those obtained on the second lunar day num¬ 
bered from 53 to 78. The original seismograms were 90 cm wide and approx¬ 
imately 25 cm in height. Tick marks are displayed for each minute of data. 
The calibration of the records was determined by using the width or the 
seismograms as an exact scale and a full-scale amplitude deviation of ±3 cm 
equal to ±512 digital units at lx recorder magnification. Changes m re¬ 
corder magnification are marked at the top of each seismogram. Accompany¬ 
ing documentation indicates change in short period seismometer gam, and 
the seismometer magnification curve is in digital units per centimeter of 
ground displacement. Time on the records is shown in UT. Occasional data 
dropouts visible in the seismograms were present on the original digital 
tapes. There has been no filtering performed on these data. 

Passive Seismic Event Data 

Seismic event data on magnetic tapes were obtained for LP components (reso¬ 
nant period of 15 s) by manual search by the experimenter of the compressed 
scale playouts. Copies were then made of the original PSE tapes for the 
time periods when seismic events were observed. Each event tape contains 
data from one station only, but data (traces of ground motion amplitudes 
versus time) from the same time periods were copied m chronological order 
onto separate tapes for each station. Therefore, intervals that may con¬ 
tain no detectable signal can be on the event tape because an event was 
detected at another station* 

The 7-track tapes are binary with 800 bpi and odd parity. Several compu¬ 
ters were used in processing these data. The data start times are approxi¬ 
mately the LM landing day for each mission (see Table 5-1) and, for all 
missions, are continuous to Pebruary 29, 1976. The following number of 
tapes are available for each mission. 


Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 


255 tapes 
228 tapes 
203 tapes 
161 tapes 


Passive Seismic Continuous Data 

Passive seismic continuous data are on magnetic tapes that contain all SP 
data recorded during continuous operation of the lunar seismic systems for 
a period of one lunation from July 14 through August 13, 1973. These data 
were obtained by the passive seismometers carried to the Moon on Apollo 12, 
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14, 15, ard 16. The tapes are 7-track, binary, 800-bpi, odd parity, with 
standard IBM end-of-filo notation. Data were recorded on separate tapes 
for each of the ALSEP stations for each day of operation, and thei*e are 
approximately 30 tapes per mission. 


Compressed Scale Playouts 

These experimenter-produced plots are available on 35-’.im microfilm and 
contain 15-s resonance long period X, Y, and Z (LPX, LPY, and LPZ) and 1-s 
resonance short period Z (SPZ) seismic values. To enhance the signal-to- 
noise ratio for higner frequency events, a difference method was employed 
in reduction of the data. The absolute value of the difference between 
consecutive data points was summed over 40 points for LP data (320 points 
for SP data), and this value was plotted, yielding one value for every 6 s 
of data. Consecutive points were plotted with opposite polarity to yield 
a line wfth the appearance of a seismogram. Within the plots, components 
are arranged LPX, LPY, LPZ, SPZ, with LPX at the top and SPZ at the bottom. 
Tick marks are displayed for every 10 min of data and each hour is labeled 
in UT. The year and day are displayed for every 6 h of data. 

The plots contain the values for each of the Apollo stations (Apollo 12, 

14, 15, and 16) for the times they are in operation, and these are simul¬ 
taneously displayed on the analog chart. These plots are used to identify 
seismic events and to determine their start and stop times. The SPX axis 
has malfunctioned on Apollo 12 since deployment, and no data have been 
received from it. The data from all the missions begin on the day of each 
lunar landing (see Table 5-1) and are current to February 29, 1976. There 
are six reels of microfilm each for the Apollo 12 and 14 missions and five 
reels of microfilm each for the Apollo 15 and 16 missions. 


Compressed Scale Event Playouts 

These plots of selected events were produced by the experimenter from the 
seismic event tapes and the artificial impact event tapes to provide, in 
compressed scale, a visual display on 35-mm and 16-mm microfilm of the con¬ 
tents of each event tape. These playouts have the same format as the com¬ 
pressed scale playouts with the exceptions that the time is not continuous 
and the amplitude scale on the plots is twice that of the compressed scale 
playouts. For the Apollo 12 and 14 seismic stations, there are two micro¬ 
film reels per mission; for Apollo 15 and 16 there is one microfilm reel 
per mission. The data coverage is from the date of lunar landing for each 
mission (see Table 5-1) to October 5, 1975, for all missions. 
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Expanded Scale Event Hlavouts 

Those expanded time scale payouts weic taken directly from the passive 
seismic event data on magnetic tapos and /ere not processed in any way 
Co.g., no filtering, smoothing, or signal averaging). The playouts (usu¬ 
ally 10 min in length) were generated on microfilm for all LP seismic 
events observed from November 26, 1969, to August 8, 1972, with peak-to- 
peak signal amplitudes of two or more digital units. The annotated format 
consists of year (in which the playout begins), skip X mag C (where ’'skip*' 
equals the tape identification number, "mag" equals a multiplicative fac- 
tor that adjusts the signal amplitude of an event for plotting, and ,f C H 
equals th? long period component where X is LPX, Y is LPY, and Z is LPZ) 
day of the year on which the plavout begins, and universal time at which* 
the playout begins. Tick marks are placed at 1-min intervals. These tick 
marks are not corrected for possible clock errors. Notations on the seis¬ 
mograms, such as phase ticks (e.g., P or S) or experimenter-assigned event 
classifications, are not primary data but interpretations of the data and 
should be recognized and used as such. 

There are two microfilm reels per mission and data coverage is from the day 
of lunar landing (see Table 5-1) or shortly thereafter for each mission to 
August 8, 1972, for all missions. 


Artificial Lunar Impact Data 

These seismic data of lunar impacts by man-made objects are on magnetic 

tapes. TCie tapes are identical in format to the seismic event data tapes 
described previously* r 

piere are two magnetic tapes with Apollo 12 lunar impact data and one each 
for Apollo 14, 15, and 16. The data coverage is from the day of lunar 
landing for each mission (see Table 5-1) to August 3, 1970, for Apollo 12* 

to December 16, 1971, for Apollo 14 and 15; and to December 15, 1972 for* 
Apollo 16, ’ 


Selected Seismic Event Data 


Selected seismic event data are available on magnetic tape for large me¬ 
teoroid impacts (24 tapes), high frequency teleseismic events (5 tapes) 
and selected moonquakes (7 tapes). The data held by NSSDC were selected 
from data obtained between April 13, 1971, and May 4, 1975, from the seis¬ 
mometers placed on the Moon during the Apollo 12, 14, 15, and 16 missions. 
There is a total of 11 magnetic tapes of Apollo 12 data, 9 each of Apollo 
14 and 15 data, and 7 of Apollo 16 data. These experimenter-selected mag¬ 
netic tapes have the same format as the seismic event tapes described 
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previously. The data are also available as compressed and expanded scale 
plots on microfilm as described in the following sections. 


Compressed Scale Playouts of Selected Events 

These data are recordings of selected meteoroid impacts, high frequency 
teleseismic events, and moonquakes that were recorded by at least two sta¬ 
tions of the passive seismic network with compressed scale amplitudes of 
10 mm or larger. The data held by NSSDC are available on 16-mm microfilm. 
There is one reel of microfilm for each type of data. The events were 
selected from data obtained between April 13, 1971, and May 4, 1975, from 
seismometers placed on the Moon during the Apollo 12, 14, 15, and 16 mis¬ 
sions. 

The absolute value of the difference between consecutive data points is 
summed over 40 points for long period data and 320 points for short period 
data. Consecutive points are plotted with opposite polarity to yield a 
line with the appearance of a seismogram. Components are arranged LPX, 
LPY, LPZ, SPZ with long period X at the top and short period Z at the bot¬ 
tom. Tick marks indicate each 10 min of data, and each hour is labeled in 
UT. The year and day are given for every 6 h of data. These plots are 
used to determine start and stop times of the selected seismic events. 


Expanded Scale Playouts of Selected Events 

These data are recordings of selected meteoroid impacts, high frequency 
teleseismic events, moonquakes (type A), and artificial impacts that were 
recorded by at least two stations of the passive seismic network. The 
data held at NSSDC are available on 16-mm microfilm. There is one reel of 
microfilm for each type of data. The events were selected from data ob¬ 
tained between April 13, 1971, and May 27, 1975, from seismometers placed 
on the Moon during the Apollo 12, 14, 15, and 16 missions. 

These time scale playouts are expanded so that 1 min of data is displayed 
in 10 cm. The data are not processed in any way (e.g., no filtering, 
smoothing, signal averaging, etc.). The annotated format consists of year 
(in which the playout begins), skip X mag C (where "skip" equals the cor¬ 
responding seismic event tape number, "mag" equals a multiplicative factor 
that adjusts the signal amplitude of an event for plotting, and "C" equals 
the long period component where X is LPX, Y is LPY, and Z is LPZ), the day 
of the year on which the playout begins, and universal time at which the 
playout begins. Tick marks are placed at 1-min intervals and are not cor¬ 
rected for possible clock errors. 
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Catalog of Selected Events 

innrtwMRwi»Hm 

Listings of soloctod seismic events aro uvnilnble on microfiche in n cata¬ 
log format. Data aro from each of the passive soismic notwork stations. 
There aro three sections to the listings: (1) metooroid impacts, (2) moon- 
quakes, and (3) high frequency teloseismic ovonts. 'Dio events aro iden¬ 
tified by year, day of year, start and stop time to the nearest minute 
(UT), amplitude at each station, expunded scale playout availability, 
quality factor, and type/class of the event. The data include selected 
event data obtained between April 13, 1971, and May 27, 1975, from Apollo 
12, 14, 15, and 16 passive seismic stations and are on the same microfiche 
card. 


Seismic Event Log 

These catalogs identify all seismic events observed by the experimenter on 
the long period components of the lunar seismic network. The catalogs were 
supplied by the experimenter and are available on magnetic tape, prepared 
from IBM cards, and on microfilm, prepared from a hardcopy listing. 

Events are presented in chronological order with the follovdng parameters: 
year, day of year, event start and stop times (in UT), maximum signal am¬ 
plitudes, playout, quality, and type class. A stop time of "9999" implies 
that the event overlaps the next event. The amplitudes given are for the 
vertical axis. Amplitudes were picked from the compressed scale playouts 
described previously. Motion amplitudes, expressed in mm, are picked from 
records plotted at a scale of 400 digital units per inch. A "1" in the 
playout column implies that an expanded scale playout, also described pre¬ 
viously, is available for that event. A quality factor is assigned when¬ 
ever the record for an event is other than normal. Prioiity is given to 
the smallest appropriate number: (1) no data at the time the event occur¬ 
red, (2) clock-rate error, (3) noisy record, and (4) record masked by 
another event. The event type is an interpretation of the possible origin 
of the event, where (A) is a classified moonquake, (M) is a suspected moon- 
quake, (C) is a suspected meteoroid impact, (Z) is mostly short period, 

(X) is an unusual event, (L) is a LM impact, and (S) is a Saturn IV-B im¬ 
pact. The event class gives the classification number for type A events. 
All events in the same class have matching waveforms. This log is avail¬ 
able for Apollo 12, 14, 15, and lb on one reel of microfilm and on magnetic 
tape. It includes events from the lunar landing day of each mission (see 
Table 5-1) to July 9, 1975, for all missions. 

ACTIVE SEISMIC AND SEISMIC PROFILING EXPERIMENTS 

The active seismic experiment (ASE) on Apollo 14 and lb generated and moni¬ 
tored seismic waves near the lunar surface in order to study the internal 




structure to a depth of 460 m. For tho seismic profiling experiment on 
Apollo 17, specific objectives were to moasuro seismic signals produced 
by detonation of explosive charges on the lunar surface, monitor natural 
seismic activity resulting from moonquakos or meteoroid impacts, record 
the seismic signals resulting from tho ascent of tho LM, and record the 
soismic signals resulting from the impact of tho spent LM ascent stage, 
Soe Table 5-18 for othor oxporimont information. 


Table 5-18, Active Seismic and Seismic Profiling Experiments 


Mission 

and 

Experiment 

Geophone 

Distances 

from 

Central 

Station 

(m) 

Surface 

Layer 

p-Wave 

Measured 

(m/s) 

Depth 

Explored 

(m) 

Predominant 
Frequency 
of Signals 
(Hz) 

Apollo 14 

Active Seismic 

3,46,91 

104 

460 

27-89 

Apollo 16 

Active Seismic 

3,43,93 

114 

100 

22* 

Apollo 17 

Seismic Profiling 

148,187, 

190,244 

250 

5000 

1-2 


*For Apollo 16, impact signal frequency was 10 Hz and grenade launch 
signal frequency was from 15 to 20 Hz, 


The equipment used for the active seismic experiment was a thumper device 
that contained 21 small explosive charges that were fired at distances of 
about 5 m apart. Hie mortar package, containing high-explosive grenades 
that were operated by Earth command, was not detonated on Apollo 14 to 
avoid damaging the other experiments. On Apollo 16, three of the grenades 
were fired. 

The thumper device equipment consisted of a staff with charge initiators 
connected by cable to the ALSEP central station, geophones (miniature seis 
mometers) for recording the waves, and a three-channel amplifier with log 
compressor for telemetering to the Earth. The thumper and its small ex¬ 
plosive charges were carried and detonated by the astronauts. The charge 
initiators generated seismic waves in the range from 3 to 250 Hz with a 
frequency response of ±3 dB from 3 to 100 Hz. 
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0„ Apollo 14. tho data recordings nftor Iho do'onntiont. indUotn that two. 
n-wnve velocities wore measured fit tho I ra Mauro site, /die , 

?„co hns a wnio velocity of 104 »/», and that a »»Mayer• e* »ts (at. of. 
at a depth of 8.5 m) with a velocity of 299 m/s. I ho tiucKnc.... 
sublayer is estimated to be between 38 and 7b m. 

The equipment for the lunar seismic profiling experiment (bSPliJ on Apollo 
17 consistod'of four gecphoncs. marker flags. a «£hj»u »odalo 
marker fiau an electronic package in the ALSLl central stati n, 

miniwSn. and eight expletive packages, the major components ol 

Sircars^ 

The exneriment was also operated in a mode that yielded seism 
passive seismometers* 

Table 5-19. Active Seismic and Seismic Profiling Data ac NSSUC 


Mission Active Event Data 
on Magnetic Tapes 

Apollo 14 Feb. 15, 1971 

( 1 ) 


Seismic Profiling for 
Event Plots on One Lunation on 

Microfilm Reels Magnetic Tapes 


Apollo 16 


Apr. 21 - 
May 23, 1972 
(4) 


April 21 - 
May 23, 1972 

CD 


Apollo 17 Dec. 14-18, 1972 
(3) 


Aug. 15, 1974 
May 16, 1975 
(209) 


*nr NSSDC ID numbers, necessary when ordering these data. In addition, a 
ZaTL Iotc. Apollo ^olo^at^vee^aU^ r s being prjpor d at 
NSSDC and will be available in late 1977. It is listcu 
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for pre-ordering purposes. This DUN describes the seismic experiments and 
data in more detail than attempted here. 


Active Seismic Event Data 

These geophone seismic data signals were recorded on magnetic tape. The 
data were obtained after grenade firings from a mortar activated by a sig¬ 
nal from Earth and after small explosions (13 for Apollo 14 and 19 for 
Apollo 16) were created by a thumper activated by the astronauts. The 
data are reformatted log-compressed tapes. For each thumper firing, 5 s 
of seismic data were recorded. Twenty-one thumper shots were planned, but 
several were skipped to gain EVA time. Successful shots for Apollo 14 
were recorded at positions 1 (located at geophone 3)j 2, 3, 4, 7, 11, (lo¬ 
cated at geophone 2); and 12, 13, 17, 18, 19, 20, 21 (located at geophone 
1). Nineteen shots were fired successfully on Apollo 16. The seismic 
signals produced by thumper firings within 9 m of a geophone had extremely 
impulsive beginnings and saturated the dynamic range of the amplifier for 
about 0.5 s. The predominant frequency of these signals ranges from 27 to 
89 Hz. Shots farther from the geophones (up to 91 m) have more emergent 
beginnings, with the wave train building to a maximum amplitude within the 
first 0.25 to 0.5 s from onset of the signal and then gradually decreasing 
in amplitude. The peak amplitude of the recorded signals typically de¬ 
creases by a factor of approximately 60 in 61 m. Because the launch sig¬ 
nals are closely reproducible from launch to launch, a simple noise sub¬ 
traction process can be used to obtain the actual signals. Launch signals 
on Apollo 16 did not completely decay to prefiring conditions. Signals 
were also recorded while the ASE was operating in a passive listening mode. 
The desired signal can be recognized by a change of frequency from the 
predominant frequency. The LM ascent was also recorded by the Apollo 16 
instrument and is included in these data. 

These data are on 800-bpi, 7-track, binary, odd parity, magnetic tapes 
created on a Univac 1108 computer. 


Active Seismic Event Plots 

Active seismic event data were obtained for the astronaut-activated thumper 
on Apollo 14 and 16. For Apollo 16, data were also obtained during firing 
of a mortar package that contained rocket-launched grenades and during the 
lunar module ascent. These data are available as plots on microfilm. The 
plots are of log-compressed digital data versus time. 
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Seismic Profiling Data for One Lunation 

Seismic profiling data for one lunation, obtained by the Apollo 17 instru¬ 
ment, are contained on 800-bpi, 7-track, binary, odd parity, magnetic tapes 
created on a Univac 1108 computer. The data were generated while the seis¬ 
mic profiling experiment was in a passive listening mode to pursue a study 
of meteoroid impacts and thermal moonquakes covering one full lunation. 

The data were collected at intervals of approximately 4 days per month for 
1 year to cover all Sun angles. Eclipse data from May 25, 1975, were also 
obtained. The data are contained on 209 magnetic tapes and cover a time 
span from August 15, 1974, to May 16, 1975. 


LASER RANGING RETROREFLECTOR 

The laser ranging retroreflector (LRRR) carried on Apollo 11, 14, and 15 
permits Earth-based stations to conduct short-pulse laser ranging to corner 
reflector arrays on the lunar surface. Three arrays were deployed, forming 
a network well separated in latitude and longitude* The ranging data ob- 
tained included information on lunar motion, lunar libration, and Earth 

rotation. 

The LRRR equipment included a folded panel structure incorporating 100 in¬ 
dividual fused-silica optical comer reflectors (300 on Apollo 15) and a 
simple alignment/leveling device. The Apollo 15 LRRR, possessing three 
times as many comer reflectors, reflects pulse images that are twice as 
bright as the images reflected by the Apollo 11 and 14 LRRRs and permits 
the use of smaller telescopes for ranging. The network permits a complete 
geometric separation of the lunar librations and can be used to measure 
Earth surface motions. The Earth’s pole position can be measured to within 

15 cm. 

On Apollo 11 and 14, the LRRRs were carried by hand and were deployed with¬ 
in 30 m of the LM. The lunar roving vehicle was used on Apollo 15 to 
transport the LRRR to the Hadley Rille site. All LRRRs are oriented toward 
the Earth. The LRRR is a passive instrument and can be used indefinitely. 
The data provided permit more refined distance measurements than were pre¬ 
viously available. To order data, refer to the Index to Available Data to 

obtain NSSDC ID numbers. 


Filtered and Unfiltered laser Photon Detections 

Data from the Apollo 11, 14, and 15 LRRR experiments are on 800-bpi, binary 
7-track magnetic tapes. The data were written originally on a CDL 0600 com 

puter. 
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The filtered data consist of photon detections submitted to a data filter¬ 
ing procedure assuming linearity of 0-C residuals over a relatively short 
time interval and relying on Poisson statistics for the level of confidence 
in a collection identified by the filter. Unfiltered data are real data 
heavily interspersed with noise photons from any of the various sources of 
stray light. Normal points that are derived from the filtered observations 
are also available as part of the data. 

An attempt to use the data in a simple gaussian application would result 
in a solution closely adhering to the prediction ephemeris used to control 
the detector range grating. Some filtering process must be applied to the 
data for effective use. 

There are two types of data: run data, which are designated by a M Z** in 
the beginning of every 80-character logical record, and shot data, which 
are designated by a "P" in the beginning of every 80-character logical 
record. The run data recorded include Julian day, clock error, ambient 
temperature, ambient relative humidity, percent of saturation, and wind 
speed. The shot data include laser energy in J x 10, laser frequency in 
Hz x 10, pulse length in s x 10, observational resolution, photomultiplier 
dark count (background). Moon count rate, star count rate, calibration 
star identification, filter spectral width, filter spatial width, number 
of shots fired this run, year, month, and day. 

The number of tapes available from NSSDC and their timespans are as follows: 

Apollo 11 - July 21, 1969 - March 24, 1976 

(nine magnetic tapes) 

Apollo 14 - February 5, 1971 - March 24, 1976 

(eight magnetic tapes) 

Apollo 15 - August 2, 1971 - March 24, 1976 

(seven magnetic tapes) 

LUNAR SURFACE MAGNETOMETERS AND LUNAR PORTABLE MAGNETOMETERS 

rwo types of magnetometers were carried to the Moon by Apollo astronauts: 

(1) lunar surface magnetometers (LSMs) that were deployed and left, on the 
lunar surface to telemeter to Earth data on temporal variations in ambient 
fields and (2) lunar portable magnetometers (LPMs) with which the astro¬ 
nauts made a few local measurements of the ambient field and that provided 
no data after the astronauts* departure from the Moon. The LSMs were 
primarily intended to yield data useful in studies of global electric and 
magnetic characteristics of the lunar interior, and the LPMs were intended 
to yield data on local remanent magnetization. 
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Each LSM consisted of three orthogonal fluxgate sensors mounted at the 
ends of 100-cm orthogonal booms. The sensors were 150 cm from each other 
and 75 cm above the lunar surface. Each sensor on Apollo 15 and 16 had 
ground-commandable operating ranges from zero to ±50, ±100, and ±200 nT 
(gamma), with resolutions of 0.1 nT (gamma). For the Apollo 12 magnetom¬ 
eters, these ranges were from zero to ±100, ±200, and ±400 nT (gamma). 

Each sensor was periodically flipped to check for zero-level drift and 
calibrated to check for sensitivity variations. Three magnetic vectors/s 
were telemetered to Earth. 

The Apollo 12 LSM provided useful data between November 19, 1969, and April 
3, 1970, except that lunar nightside gaps occurred during this interval. 
Very limited data exist after this interval. The Apollo 15 LSM provided 
useful data between July 31, 1971, and September 20, 1972. The Apollo 16 
LSM has provided useful data since April 21, 1972, except for a major gap 
between February 15, 1973, and August 17, 1973. Data available from NSSDC 
for the LSMs are listed in Table 5-20. NSSDC ID numbers, necessary when 
ordering these data, are given in the Index to Available Data. 


Table 5-20. Lunar Surface Magnetometer Data at NSSDC 



n 

Magnitude and 

0.3-s Magnetic 

Filtered and 

Mission 

Component Averages 

Vectors on 

Decimated Data 



on Microfilm Reels 

Magnetic Tapes 

on Magnetic Tapes* 

Apollo 

12 

Nov. 19, 1969 - 

Nov. 19, 1969 - 

Nov. 28, 1969 - 


Apr. 3, 1970 

Apr. 3, 1970 

Dec. 3, 1969 



(2) 

(35) 

(1) 

Apollo 

15 

July 31, 1971 - 

July 31, 1971 - 

July 31, 1971 - 


Sept. 20, 1972 

Sept. 20, 1972 

Aug. 15, 1971 



(8) 

(138) 

(1) 

Apollo 

16 

April 21, 1972 - 

April 24, 1972 - 



Sept. 21, 1974 

Feb. 6, 1974 




(10) 

(158) 



♦NSSDC will acquire additional data as required. 


The lunar portable magnetometers (LPMs) consisted of three orthogonal flux- 
gate sensors mounted on top of a tripod that was positioned 75 cm above the 
ground. The Apollo 14 LPM had 1.0-nT (gamma) resolution while the Apollo 
16 LPM ..ad 0,2-nT (gamma) resolution. A series of measurements was made by 
the astronauts at various locations near the two landing sites. The final 
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data from these LPM experiments are found in Dual et al. , 1973 . For fur¬ 
ther details, see Dyal et al ,, 1974. 


Total Magnetic Field Magnitude and Components 

These data are on 16-mm microfilm that was generated at NSSDC from the 
original hardcopy plots submitted by the experimenter. Each frame contains 
30 or 60 min of data. Either 3- or 6-s averaged values of magnetic field 
magnitude and of each of three Cartesian components are plotted per frame. 
Th- coordinate system used has the X-axis normal to the local surface, and 
the Y- and Z-axes normal to the X-axis and directed eastward and northward, 
Table C 5-2Q ly * NSSDC can su PP 1 y these plots for the time periods shown in 


0.3-s Magnetic Vectors 

These LSM magnetic vector data are available on experimenter-supplied mag¬ 
netic tapes written in 556 bpi. These 7-track, DCS binary format tapes 
were created on an IBM 7040/7094 computer. Logical and physical records 
have 75i and 460 words, respectively. Each logical data record contains 
the time for the first data point and the Cartesian components of 500 suc¬ 
cessive magnetic field vectors. Because one data point was obtained every 
0.3 s, each logical record covers 2.5 min of data. Field components are 
given m a coordinate system with X radially outward from the local sur¬ 
face and Y and Z tangent to the surface and directed eastward and north¬ 
ward, respectively. Typically, each tape contains 3 days of data. The 
Apollo 12 data contain four data gaps: December 12 to 18, 1969: Jan<ia~ 4 
to 17, 1970; February 3 to 15, 1970; and March 6 to 17, 1970. Apollo 16 

data are being received on a continuing basis. Currently available data 
are shown in Table 5-20. 


Filtered and Decimated Magnetic Field Data 

These filtered and decimated magnetic field data from the LSMs are on 7- 
track, 556-bpi, BCD, magnetic tapes submitted by the experimenter as samples 
of the available data. The tapes contain a header record and successive 
groups of three physical records where each group constitutes one logical 
record, pie 1602-character header record includes the degree of decimation 
and the filter weights used. The first physical record in each logical 
record contains the time of the first subsequent vectors. The second and 
third physical records each contain 50 magnetic vectors (Cartesian compo¬ 
nents in ALSEP coordinates and field magnitude). NSSDC holds a list of 
times for which the original data were subjected to filtering and decima¬ 
tion and will acquire appropriate tapes from the experimenter as requested. 
Currently available tapes are listed in Table 5-20. 
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HEAT FLOW EXPERIMENT 

The heat flow experiment, which was part of the ALSEP on Apollo 15, 16, 
and 17, was designed to determine the rate of heat loss from the lunar 
interior. The experiment detected the following types of lunar tempera¬ 
ture information: high sensitivity, low sensitivity, difference, probe 
ambient, thermocouple reference, probe cable ambient, and local surface 
brightness. 

The instrumentation consisted of two 1.2-m probes that were inserted into 
the lunar surface, a special tool for probe insertion, and an electronics 
package that was cable-connected to the probes and the central station. 

To place the probes into the surface, two 3-m holes were drilled into the 
surface by an astronaut, using the Apollo lunar surface drill (ALSD). 

The ALSD was equipped with core stem caps and retainers, core stems, core 
bits, a bore/bit drill adapter, a treadle, and a bore stem/core stem wrench. 
The bore stem assemblies used in drilling remained in the holes to provide 
a car.ing to prevent collapse of the hole walls during insertion of the 
probes. Temperatures were obtained during lunar days, lunar nights, and a 
total eclipse on August 6, 1971. The heat flow through the surface pro¬ 
vided data on the lunar soil conductivity, contributed to the resolution 
of issues concerning lunar internal heating processes, and established 
limits of constraint on interior temperatures and composition of the Moon. 

The Apollo 16 probe cable was broken during deployment and no data were 
obtained. The Apollo 15 probes were deployed on July 31, 1971, to depths 

of and 2 * 4 m and continue t0 obtain data. The heat flow value is 3.1 
x 10“ W/cm. The Apollo 17 probes were deployed on December 11, 1972, to 
depths of 2.4 m each and continue to operate. Heat flow values from these 
probes are 2.8 x 10" 6 W/cm 2 . NSSDC ID numbers, necessary for ordering 
these data, are located in the Index to Available Data. 


Thermal Conductivity 

Heat flow experiment data, containing thermal conductivity measurements, 
are available on 7-track, 800-bpi, binary, magnetic tapes generated on an 
IBM 1130 computer. The data consist of a chronological sequence of time 
points, each of which are associated with several temperatures and temper¬ 
ature differences. The time is measured in milliseconds from the beginning 
of each experiment, and the temperature data are in K. The data are organ¬ 
ized in five groups; each group is a combination of the four parameters: 
temperature (T), temperature difference (DT), gradient bridge (G), and ring 
bridge (R). The identifying letters are associated with two numbers. The 
first number refers to the pi*obe (1 or 2), and the second number designates 
the probe section (upper—1, lower—2) or the thermocouple number (1 or 4). 
For example, DTG11 refers to a temperature difference measurement from the 
gradient bridge in the upper section of probe 1. Other parameters in the 
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data are TREF, which is the temperature of the thermocouple reference 
bridge, and TC, which is a thermocouple temperature. There are two mag¬ 
netic tapes available for Apollo 15 and for Apollo 17 (four tapes total), 
and the data are from the date of deployment (see Table 5-1) to December 
28, 1974, for both experiments. 


Heat Flow Error Analysis 

A report on the Apollo 17 heat flow thermocouple error investigation, pro¬ 
vided by the Science Requirements Branch of Johnson Space Center, is avail¬ 
able on one reel of 16-mm microfilm. Thermoelectric errors are defined by 
thermal models of the electronics unit and reference sensor. Temperature 
differentials between spurious junctions are resolved to better than 0.3 K. 
The models are verified by data acquired from environmental tests of a 
specially modified heat flow experiment instrument. Apollo 15 and 17 site 
temperature profiles are applied to a thermal model that establishes a 
0.04 K difference between sensors of the Apollo 17 temperature field. All 
errors affecting the data are summarized and error characteristics are 
shown for all thermocouple temperatures. The data cover a time period from 
December 12, 1972, to December 31, 1973. 


TRAVERSE GRAVIMETER EXPERIMENT 

The traverse gravimeter experiment on Apollo 17 provided gravity data-.for 
a high-accuracy relative survey of the lunar gravitational field in the 
lunar landing area. The data are also used for an Earth-Moon gravity tie. 
Specific objectives were to measure the values of gravity at selected known 
locations along the lunar traverse, relative to the value at a lunar base 
station, and to measure the value of gravity at a known point on the lunar 
surface (base station), relative to the gravity at a known point on Earth. 
Gravity anomalies on Earth have led to major discoveries such as isostasy, 
tectonogenesis, lateral density variations in the crust and mantle, strength 
of the mantle, geometry, geosynclines, margins, batholiths, and the figure 
of the Earth. Surface gravity measurements on the Moon can lead to an un¬ 
derstanding of features such as mare ridges, the edge effects of mascons, 
craters, rilles, scarps, thickness variations in the regolith and lava 
flows, density variations in the basement, and mare highland interfaces. 

The equipment for this experiment consists of a portable gravimeter that 
was transported on the LRV to selected sites. Traverse measures were 
taken while the gravimeter was mounted on the LRV. The crewmen activated 
the appropriate switches in the required sequence and read and reported 
the numbers appearing on the digital display register. These measures 
were taken during the stay of the landing mission, from December 11 to 13, 
1972. NSSDC ID numbers, necessary for ordering these data, are located in 
the Index to Available Data. 
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Traverse Gravimeter Experiment Final Report 

A microfiched copy of the principal investigator's final report on the 
traverse gravimeter experiment is available from NSSDC. The report con- 
tains sections on the basic theory of interpretation, a description of the 
equipment used, the results, and analysis and discussion of the resul s. 
Twenty-three valid gravity values were obtained. The following data for 
each value are included: location, elapsed time at which the measurement 
was initiated (h:min:s), the displayed value, the difference between the 
displayed value and the value at the LM site, raw Ag value, Ag value after 
application of an empirical correction, the elevation in meters, and com¬ 
ments. The data were acquired between December 11 and 13, 1972. 


SURFACE ELECTRICAL PROPERTIES EXPERIMENT 

The surface electrical properties experiment on Apollo 17 obtained data 
about the electromagnetic energy transmission, absorption, and reflection 
characteristics of the lunar surface and subsurface for use in the develop¬ 
ment of a geological model of the upper layers of the Moon. This experi¬ 
ment determined layering, searched for pressure of water below the surface, 
and measured electrical properties in situ, determining these as a function 
of depth. The selected frequency range was chosen to measure these prop¬ 
erties in a range from a few meters to a few kilometers in depth. The 
transmitter produced continuous waves at 1, 2.4, 4, 8.1, 16, and 32.1 MHz 
successively. These waves permitted measurement of the size and number ot 
scattered bodies in the subsurface. Any moisture present was easily de¬ 
tected because minute amounts of water in rocks of subsoil change the 
electrical conductivity by several orders of magnitude. 

The equipment for this experiment consisted of a deployable self-contained 
transmitt°r, a multiple-frequency transmitter antenna, a portable receiver/ 
recorder on the LRV, a wide-bandwidth mutually orthogonal receiver antenna, 
and a retrievable data recording device. The crew transported and set up 
the transmitter about 100 m from the LM and then deployed the antennas. 

Se receiver/recorder was placed on the LRV. The crew established the 
location of the LRV in relation to the transmitter for each data stop dur¬ 
ing the traverse. Wheel turns were counted for distance, and azimuth was 
recorded using the navigation system. The recorder was then returned to 
Earth. The experiment obtained data from December 11 to 13, 197... NSSDC 
ID numbers, necessary for ordering these data, are located in the Index to 

Available Data. 


Demultiplexed Data 

Demultiplexed electrical property data are available on one BCD, 556-bpi, 
magnetic tape generated on an IBM 360 computer. This tape contains all 
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the data of one type, which were digitized and demultiplexed, in a single 
array. The data on the tape consist of (1) receiver operating mode com¬ 
pared to time, (2) receiver temperature compared to time, (3) received 
signal strength during the time when the transmitter was turned off (six 
detection frequencies, three components), (4) receiver calibration signals 
from the detection of calibrated noise sources (six detection frequencies, 
three sources), and (5) data for each experiment frequency. The data for* 
each experiment frequency consist of the range compared to time array and 
the detected signal strength compared to time for six components (two 
transmitter antennas and three receiver antennas). The tape also contains 
navigation data. There are two files of data. The first file contains 
straightened science and navigation data. The second file contains un¬ 
straightened science data. 


Data Plots 

Data plots and the final technical report on the surface electrical proper¬ 
ties (SEP) experiment are available on microfiche. Included is a descrip¬ 
tion of the system used in processing the data, the method of obtaining 
digitized data from the analog tape produced on the Moon, the processing to 
demultiplex the data, the method used to merge navigation and science data, 
th - * procedures used to generate the plots, a comparison with very long 
based interferometry, and the reconstruction of the SEP antenna patterns 
during the 360° turnaround. The plots are frequency versus range. 


NEUTRON PROBE 

The lunar neutron probe on Apollo 17 was designed to measure the rates of 
low-energy neutron capture as a function of depth in the lunar regolith. 

The experiment made use of two particle-track detection systems. The first 
system was a cellulose triacetate plastic detector used in conjunction with 
boron-10 targets to record the alpha particle? emitted with the neutron 
capture on boron-10. The second system used mica detectors to detect the 
fission fragments from neutron-induced fission in uranium-235 targets. 

The neutron probe had the form of a rod and yielded an essentially contin¬ 
uous record of the neutron capture rate from the lunar surface down to a 
depth of 2 m. The probe was activated and deactivated by a rotational 
motion that brought the target and detector system in and out of alignment. 
An on-off mechanism was necessary to prevent accumulation of background 
events produced in flight by neutrons from the ALSEP power generator and 
from cosmic-ray induced neutrons in the spacecraft. Point sources of 
uranium-238 were included at three positions along the probe to provide 
fiducial marks to verify that the probe was properly activated. In addi¬ 
tion, cadmium absorbers were included in the center and bottom of the 
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probe to obtain a neutron energy spoctrum with a threshold of 0.35 eV. 
Further spectral information was obtained from analysis of krypton-80 and 
krypton-82 produced by bromide neutron capture in potassium bromide con¬ 
tained in evacuated capsules that were inserted at the top, middle, and 
bottom of the probe. 

The experiment performed normally from activation on December 12, 1972, to 
termination at the end of the third EVA on December 13, 1972. There will 
be no unpublished data from this experiment appropriate for submission to 
NSSDC: however, published reports of experiments are available and are 
listed in the following section. The NSSDC ID numbers, necessary for or¬ 
dering these publications, are located in the Index to Available Data. 


Published Reports 

These published reports, submitted to NSSDC in hardcopy form, each contain 
a description of the experiment, equipment, data history, experiment oper¬ 
ational history, and data processing techniques. The actual experiment 
specimens require refrigeration and are stored at the NASA/JSC Lunar Sam¬ 
ple Curatorial Facility. The following published reports are contained on 

microfiche at NSSDC. 

Burnett, D.S., and D.S. Woolum, "Lunar Neutron Capture as a Tracer 
for Regolith Dynamics," Proc. Fourth Lunar Sat. Conf., 2, Geocntm. 

et Cosmoch. Acta, 2061-2074, 1974. 

Woolum, D.S., and D.S. Burnett, "In-Situ Measurement of the Rate 
of U-235 Fission Induced by Lunar Neutrons," Earth and Planet . 

Sci. Lett., 21 (2), 153-163, January 1974. 

Woolum, D.S., D.S. Burnett, and C.A. Bauman, "Lunar Neutron Probe 
Experiment," Apollo 17 Preliminary Science Report, NASA SP-330, 

18-1 to 18-12, 1973. ... 

Woolum, D.S., D.S. Burnett, M. Furst, and J.R. Weiss, Measurement 
of the Lunar Neutron Density Profile," Moon, 12, 231-250, February 

1975. 


SUPRATHERMAL ION DETECTOR EXPERIMENT 

The ALSEP suprathermal ion detector experiment (SIDE) was placed on the 
lunar surface during the Apollo 12, 14, and 15 missions. It measures ions 
generated from ultraviolet ionization of the lunar atmosphere and from the 
free-streaming and thermalized solar wind/lunar surface interaction. From 
the data obtained, flux, number density, velocity, and energy per unit 
charge can be determined. A curved plate analyzer with crossed electric 
and magnetic fields (E x B) with a velocity selector (filter) detected ions 
with normal velocities from 0.4 to 93,5 km/s and energies from 0.- to 
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18,6 eV, enabling species discrimination of masses up to 1000 u. A sepa¬ 
rate curved plate analyzer (without a velocity filter) counted protons in 
selected energy intervals from 10 to 3500 cV, The orientation of these 
directional instruments prevented direct observation of solar wind ions 
except in the tailward sheath. However, ions reflected from or generated 
toward the bow shock were observed. 


Suprathermal Ion Data 

The SIDEs experienced some loss of data caused by arcing and are operated 
only when temperatures are <85°C. This change in operations occurred on 
March 18, 1970, for the Apollo 12 SIDE; on October 20, 1971, for the Apollo 
14 SIDE; and on December 16, 1971, for the Apollo 15 SIDE. Previous to 
these dates, the data are continuous and normal from the date of deploy¬ 
ment (see Table 5-1). Data available from NSSDC are shown in Table 5-21 
and are described in the following sections. NSSDC ID numbers, necessary 
when ordering these data, are given in the Index to Available Data. 



Mass Analyzer and Total Ion 24-s Resolution Data 

Both plots and listings of mass analyzer and total ion 24-s resolution data 
are available on 16-mm microfilm. The experimenter-generated listings and 
plots include (1) the total ion data in 20 channels from 3500 eV/Q to 10 
eV/Q and (2) the mass spectrometer data in 6 energy ranges from 48.6 to 0.2 
eV and in 20 mass ranges from 1 to 1000 u plotted against frame number. 
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The data for Apollo 12 range from 10 to 1000 u, for Apollo 14 from 6 to 
7S0 u, and for Apollo 15 from 1 to 00 u. Tor Apollo 12 and 14, data prior 
to those available from NSS0C c«.n bo obtained from the principal experi¬ 
menter (Dr. J.W. freeman, Dept, of Space Sciences, P.0. Box .1802, Kioo 
University, Houston, Texas, 77001). The time periods of available data 
arc listed below; additional data is expected. 


Apollo 12 - September 14, 1071, to December 31, 1073 
Apollo 14 - August 2b, 1072, to December 31, 1073 
Apollo 15 - August 2b, 1072, to September 0, 1074 

Both total ion and mass spectrometer data appear on each plot. Bach set 
of spectra required 24 s to be obtained in the nornuil experiment mode. 
Interpretation of the plots requires reference to the housekeeping data 
contained with the listings. 


Mass Analyzer Data 

These analyzer data are available on 7-track, 800-bpi, odd parity, binary, 
IBM compatible tapes. The words are 24-bit binary integers with negative 
numbers represented at two’s complement. Ihere are 28 words per logical 
record, 100 logical records per physical record, and 1850 physical records 
per file. Each logical record contains time, mass analyzer data channels 
of accumulated counts, and housekeeping parameters as required. Unreliable 
data are replaced by insertion of -1. Data tapes are available for the 
following time periods. 

Apollo 12 - November 19, 1969, to March 3, 1973 
Apollo 14 - February 6, 1971, to April 11, 1973 
Apollo 15 - August 3, 1971, to June 2, 1973 


Engineering Parameters 

These engineering parameters are available on 16-mm microfilm supplied to 
NSSDC by the experimenter. The data are in the form of listings that con¬ 
tain appropriate experiment status words as functions of time. These list¬ 
ings are useful for interpreting other data from the suprathermal ion de¬ 
tector experiment. These listings were also included, as appropriate, with 
other total ion and mass analyzer data. The microfilmed listings are 
available for the following time periods. 

Apollo 12 - August 17, 1972, to December 31, 1972 

Apollo 14 - August 2b, 1972, to December 31, 1972 

Apollo 15 - August 24, 1972, to December 31, 1973 
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Ion Spectrograms 

These three-dimensional plots of 20-mln averaged mass analyzer data sum¬ 
marize the large-scale features observable using the SIUI. data and are 
available on 35-mm microfilm. One complete lunation is presented on a 
frame. The count-rate energy spectra are plotted on log-log scales in the 
plane of the frame, and time is represented by offsetting each energy- 
vorsus-flux plot up and to the right to simulate the third dimension. En¬ 
ergy along the X-axis is in eV/Q. 

These plots were generated by the experimenter and microfilmed by NSSDC. 
NSSbC also has produced 20.3- x 25.4-cm 18- x 10-in.) negatives of these 
data for production of publication-quality prints for instances where the 
35-mm microfilm is inadequate for a user’s purpose. These reproductions 
can be supplied for specific frames. These data are available for the 
following time periods. 


Apollo 12 - November 10, 10bl>, to August 11, 1072 
Apollo 14 - February b, 1071, to April 1, 1073 
Apollo 13 - August 20, 1071, to January 0, 1073 


Total Ion Detector Data 

These experimenter-generated data are on 7-track, 800-bpi, odd parit), 
binary magnetic tapes that are IBM compatible. The data are from the ALSU’ 
total ion detectors (TIDs) on Apollo 12, 14, and 15 for the following time 

periods. 


Apollo 12 - November 10, lObO, to March 14, 1073 
Apollo 14 - February b, 1071, to April 11, 1073 
Apollo 15 - August 3, 1071, to December 20, 1072 


The words are 24-bit binary integers with negative numbers represented as 
two’s complement. There are 28 words per logical record, 100 logical 
records per physical record, and 1850 physical records per file, huch 
tape is one file. llach logical record contains time, —0 III) data channels 
of accumulated counts, and housekeeping parameters as required. Unreli¬ 
able data arc replaced by insertion of -1. 


COLD CATHODE ION GAGE EXPERIMENT 


The cold cathode gage experiment (COili), which was carried to the Moon on 
Apollo 12, 14, and 15, determined the amount of gas (atmosphere) on the 
lunar surface in terms of concentration of particles per unit volume (pres 
sure). A typical cold cathode ion gage was used that depended on the am¬ 
bient temperature. The results from this experiment, combined with those 
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x 10 to 1.3.' x operations wore the ftillowmn. 

lunar u T mor*pUcro# Inc t* 1 

, m )n itw»i) - No data at NSSIM** 

• Apollo Id - Iroir November l.> to -b» . 

• A P° no U " e^'Ineerinraatt’ losl’o^Apri^sl'i^l! February 

i. 7 > nighttime data lost; little or no usable 
iata’after April 15, 1973. 


i i *21 in?! to February 22 > • Limited 

• A|,oll ° 15 ' j™tinto opcri’tious’bcoauso of high-voltage restric¬ 
tions; substandard data after iob.uary 2.. 1»<S. 

The NSSUC IU numbers, necessary for ordering these data, are located in 
the Index to Available Data. 

°w. Of Inner Atmosphere . Density versus Ti me , itv I01 . 

- ~ «.„i nint< contain lunar atmosphere densit) mca 

These experimenter- generated P 1 ®^ microfilm reels. The density measure- 
surements and are aval 1 a e ° n rts / cm 3 on a logarithmic scale, and 

ments are from 1 x 10 to 1 x l P a linear SC ale. Quarter-minute 
gage temperatures are from data on each frame. All 

averages are plotted available for Apollo 14 and 15 on 

three V reels of microfilm for the following time periods. 

Apollo 14 - February 9, 1971, to December 31. 1973 
Apollo 15 - July 31, 1971, to December J, 1-73 

CHARGED PARTICLE LUNAR ENVIRONMENT EXPERIMENT 

This experiment, carried only cm Apollo^, -s^signed to 

energy spectra of low-energy cia L , .. t . 0 f two electrostatic ana- 

tIc main part of the instrumentation ^ verUcal. and the other 

lysers. One of these pointed towar . approximation, 

to n point no” from vortica^£ “"1" «■» eciiptic plane. 

both detectors could be consiaereu l j 

• i f n set of direction-defining slits; deflection 
plntcs^nve'sma^l-aperture*: C-shaf.ed, channel electron multipliers; and 
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one large-aperture channel electron multiplier. For a given applied de¬ 
flection voltage, the five multipliers were arranged to count particles 
of one polarity with differing energies, while the large-aperture multi¬ 
plier made a wide-band measurement of particles of the opposite polarity. 
During each 19.2-s interval in the automatic mode of experiment operation, 
deflection voltages of zero (twice) and ±35, ±350, and ±3500 V were applied 
to the deflection plates of both analyzers for 2.4 s at each voltage. The 
infrequently used manual mode permitted the continuous application of a 
single deflection voltage, thus increasing temporal resolution for parti¬ 
cles in a limited portion of the spectrum. 

Useful data obtained during each 19.2-s interval (automatic mode) were, 
for each analyzer, 1.2-s accumulated counts of electrons in 18 energy win¬ 
dows between 40 eV and 20 keV and ions in 12 energy windows between 0.17 
and 20 keV. The experiment worked normally from deployment on February 5, 
1971, until April 8, 1971, when the analyzer pointing away from lunar ver¬ 
tical failed. The other analyzer continued to function normally until 
June 6, 1971, when a partial failure occurred. Operation of this analyzer 
was intermittent for the rest of 1971. During most of 1972, operation was 
continuous during lunar night and intermittent during lunar day. Operation 
was contini ous from Decembe'’. 1972 to February 1973. After this time period, 
high-voltage problems occurred again. For further details, see Burke and 
Reas oner, 1972. The available data are described below. NSSDC ID numbers, 
necessary for ordering these data, are located in the Index to Available 
Data. 


Count Rate Data 

Data acquired between February 5, 1971, and March 2, 1973, are available 
on 53 experimenter-supplied magnetic tapes. Each tape is 7-track, 556-bpi, 
binary, produced on an SDS computer, with 10 logical records per physical 
record and 111 36-bit words per logical record. Each logical record con¬ 
tains all the particle counting data taken over one 19.2-s sequence, in 
addition to the necessary time and mode identification information. 


Position and Orientation Information versus Time 

These are available on one 7-track,. 556-bpi magnetic tape in binary integer 
36-bit format that was generated by the experimenter on an SDS 92 computer. 
The data cover a time period from February 5, 1971, to December 31, 1973. 
There are three files, one for each year. One set of data is given for 
every 2 h in each record. Data include (1) look direction information for 
each experiment analyzer relative to Moon-Sun and Moon-Earth lines and in 
geocentric solar ecliptic and solar magnetospheric coordinates and (2) in¬ 
strument-location information, relative to local midnight and in geocentric 
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solar ecliptic and solar magnetospheric coordinates. Note that some com¬ 
puted parameters are included for a time period prior to the lunar emplace 
ment of the instrument. 


200-eV Electron Count Rate Plots 

Eighteen hardcopy plots, submitted by the experimenter, are available on 
one reel of 35-mm microfilm generated at NSSUC. Each plot contains 2 
days of 5-min-averaged, 200-eV electron count rates. This mode was chosen 
because it includes the peak in the plasma sheet electron spectrum and 
portions of the photoelectron and magnetosheath electron spectra. The 
plots include the time period February 6, 1971, to March 12, 1971, which 
contains the first orbit of the Moon about the Earth after the emplacement 
of the instrument on the Moon. The experimenter has marked on the plots 
physically significant transitions (e.g., from the magnetotail to the mag¬ 
netosheath) and the monthly 18-h period of solar ultraviolet-induced pho¬ 
toelectron contamination. The experimenter also has generated similar 
plots for other times and other modes that were scientifically interesting 
to him, but not on a routine basis. All his data are to be found in the 
count rate magnetic tape data described in a previous section. 


ATMOSPHERIC COMPOSITION EXPERIMENT 

To study the composition and variations in the lunar atmosphere, a minia¬ 
ture magnetic deflection mass spectrometer was deployed on the lunar sur- 
face during the Apollo 17 mission and was oriented to intercept and measure 
the downward flux of gases. The ion source contained two filaments select¬ 
able by command. Three collector assemblies were placed to collect ion 
beams in the ratio 1:12:27.4, so that three mass ranges were scanned simul¬ 
taneously: 1 to 4, 12 to 48, and 27.4 to 110 u. For the high-mass channel, 
the resolution was set at 100 for a mass of 82 u. Electron multipliers, 
pulse amplifiers, discriminators, and counters were used; one system was 
used for each mass range* 

In normal operation, the electron bombardment energy was fixed at 70 eV 
and^hen the instrument sensitivity to N 2 of 3.77 x 10" 3 A/N m“ 2 (5.0 x* 

10" A/torr) was sufficient to measure the concentration of gas species in 
the 1.33 x 10 -N/m 2 (1.0 x 10” s -torr) range. An alternate operating mode 

provided four different electron energies of 70, 27. 20. and 18 eV which 
were cycled by successive sweeps of the mass sp^ctrim. A voltage scan of 
the mass spectrum was employed using a high-voltage stepping power supply. 
The sweep voltage varied through 1330 steps from 320 to 1420 V, with a 
dwell time of 0.6 s/step. Because each step was synchronized to a main 
frame of the telemetry format, the telemetry word position served as the 
identifier of atomic mass number. The sweep time was 13.5 min. The in- 
struroent was calibrated inside a molecular beam facility* 
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The data available from NSSDC for the atmospheric composition experiment 
are described in the following sections. NSSDC ID numbers, necessary for 
ordering these data, are located in the Index to Available Data. 


Mass Peak Summary Data 

Mass peak sumr.ary data are available on two magnetic tapes and on micro¬ 
film. The magnetic tape data are on 1600-bpi, binary, 9-track tapes pro¬ 
duced on an IBM 360 computer, with spanned variable-blocked records. A 
logical record is 324 bytes, and the block size is 3224 bytes. Tape num¬ 
ber 1 contains the summarized data from lunation 1 through lunation 5. 

Tape number 2 contains lunations 6 through 9. bach record gives a summary 
of the data obtained from one mass spectrum, formatted in 80 binary words 
of 4 bytes each. Parameters included in each record are time of start of 
spectrum with January 1, 1973, set as day equal to zero; peak amplitudes 
for the following gas species (in u): 4, 28, 32, 35, 36, 37, 38, 40, 44, 

and 92; gas concentrations for helium and argon; and solar ephemeris data 
for the Apollo 17 site. 

The microfilmed data are a printed record of the data on the summary tapes. 
Each frame consists of a table of values, and the headings for the first 
two columns are date and the normal elevation, which is part of the solar 
ephemeris data for the Apollo 17 site. Five different table headings are 
given: peak amplitudes, concentrations, ephemeris, housekeeping, and sweep 
high voltage. The tables are displayed in groups: first, peak amplitudes, 
then concentrations, etc. The peak amplitude tables contain values for the 
following gas species (in u): 4, 28, 32, 35, 36, 37, 38, 40, and 44. The 

concentration table gives values for helium and argon. The lunation num¬ 
ber is printed in the top right-hand corner of each frame. 

The time period for the microfilmed data is from January 2, 1973, to Sep¬ 
tember 2, 1973. The magnetic tape data cover the time period from May 24, 
1973, to September 3, 1973. 


Tables of Mass Peaks 

Tables of mass peaks are available on both microfilm and magnetic tape. 

The microfilmed data have six pages of data for each mass spectrum: two 
each for the low-, mid- and high-mass ranges. Values for several other 
parameters are also given including dates and times of the measurements; 
the mass runge; the Sun's elevation, azimuth, and zenith angle; lunar sur¬ 
face temperature; and experiment monitors. 

The mass peak data are also available on 10 magnetic tapes provided by the 
experimenter. These are 9-track magnetic tapes written at 1600 bpi on an 
IBM 360 computer. Record format is variable span. Flag words fill data 
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. is*n+ 1 i on In addition to nuiss 

:ime gaps to insure proper spectra id * * presented including measure- 

a w&sssr.. 

^rSe^c^tl^Te^Uc inpes is from January 2, 1973, to 
October 4, 1973. 

SOLAR WIND SPECTROMETER 

* . n f i-hfi Aoollo 12 and 15 ALSBP packages, 

A solar wind spectrometer was P® f T1 ^ spectrometers were designed 

and each was left on the lunar *urface.^ M e. ^ varUUo „ s 

to measure energies, densi , f . solar wind plasma. The en- 

of the electron an,1 proton coS^ e ?erfwere tlm 6 to 1330 eV (elec- 
erey ranges on the Apollo P ( tons ,. on Apollo 15, the ranges were 

loTo’l^O eV (electrons) and SO to 10,400 eV (protons). 

The spectrometers consisted of seven 

different, but slightly ^^f^i^ectional intensities of the electron 

S a^sitire r ion Se ce4onents of the solar wind and ^netictail^lasma that 

££ parameters^ oj^atfonf are indicative of the lunar 

surface environnient« 

The solar wind spectrometer on ^^^^^^t^ocatio/o^the lunar sur- 
exhibit more distortion due to the i the Apollo 12 spectrometer 

encountered°trouble;^on*the°Apollo^15 spectrometer, two channels expera- 
enced intermittent modulation dripping. 

The solar wind spectrometer data listed in Table M « 

NSSDC and are described in more « » the follow g in the 

NSSDC ID numbers, necessary for ordering these aaca, 

Tndex to Available Data. 


Mne Keso Ution (28-s) Plasma Parameters 

■ 1 1 ' # n po s/snectrum) plasma data available 

rhese data are the highest resolution (.^s/spec ^ ^ nog coniputer a 

from the experiment. The data w r P ity tapes. Physical records 

are written on 7-track, S 00 ^* f^Sl JeJoidcontains 32 logical rec¬ 
are blocked to 384 words, ^ d e ,f C \^ cter s t0 every 12 words. Bach record 
ords of 12 words each, at 7* BLD char rati ' # bulk speed, angle ot 

flow^swa^prebable^hermal sjecd, and various housekeeping and goodness-of- 
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Table 5-22. Solar Wind Spectrometer Data at NSSDC 



Fine Resolution (28-s) 

Hourly Averaged Plasma Parameters 

Mission 

Plasma Parameters 
on Magnetic Tapes 

Magnetic Tapes 

Microfilm Reels 

Apollo 12 

Nov. 19, 1969 - 
Dec. 31, 1974 
(16) 

Nov. 19, 1969 - 
Dec. 31, 1973 
(2) 

Nov. 20, 1969 - 
Dec. 31, 1974 

CD 

Apollo 15 

July 31 - 
Dec. 8, 1971 
(1) 

July 31 - 
Dec. 8, 1971 

CD 

Aug. 2, 1971 - 
June 30, 1972 
(1) 


fit parameters relating to the reliability of the calculated plasma param- 
eters. The first record on each tape contains labeling information to 
identify the tape contents for a user. Each tape contains one file. NSSDC 
expects to receive additional Apollo 12 and 15 plasma data of this type. 


Hourly Averaged Plasma Parameters 

Hourly averaged plasma parameters are available on 7-track, 800-bpi, even 
parity, BCD tapes produced on a Univac 1108 computer. They are also avail¬ 
able on microfilm. These data were supplied by the experimenter. Each 
set of averages on magnetic tape is in two logical records; there are two 
logical records and 216 BCD characters per physical record. Four sets of 
hourly averaged parameters are computed with the following criteria: (1) 
all fine time scale parameters (FTSP), (2) all FTSP computed from spectra 
with small rms error on curve-fitting and thermal speeds less than one- 
half the bulk velocity, (3) all FTSP computed from spectra that satisfy the 
requirements of criterion 2 as well as having only one flow-angle that 
can be directly measured, and (4) all FTSP computed from spectra that sat¬ 
isfy criterion 2 as well as having both flow angles directly measurable. 
Each tape contains one file. Contained in each of the four sets of aver¬ 
ages are the proton density, alpha-to-proton ratio, bulk speed, angle of 
flow, number of spectra, and rms deviations of each average. 

Experimenter-generated plots of hourly averaged plasma parameters as func¬ 
tions of time are available on 35-mm microfilm. There are 22 days of data 
on each frame. Contained in each plot are the hourly averaged proton bulk 
speed, most probable thermal speed, proton density, and angle of flow from 
the hourly averaged data on the magnetic tapes that satisfy criterion 2. 
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COSMIC-RAY EXPERIMENTS 

There were two similar cosmic-ray experiments. One was the cosmic-ray 
detector (CRD) experiment or Apollo 16, and the other was the lunar sur¬ 
face cosmic-ray (LSCR) experiment on Apollo 17. The CRD experiment was 
designed to measure the charge, mass, and energy spectrum of the solar 
wind and heavy cosmic rays (in the energy ranges from 0.5 to 10 keV/nucleon 
and from 0.2 to 200 MeV/nucleon), to provide calibration data for glass 
detectors including tektite glass, to measure the thermal neutron flux at 
the lunar surface, and to assess the problem of argon-40 implantation. 

The experiment obtained data enroute to the Moon as well as on the surface. 
The shield mechanism (on the surface) failed to retract completely, thus 
obscuring the field of view of the detector. The exposure time for the 
CRD was 1 week, and a solar flare occurred during this time. The CRD was 
returned to Earth. 

The LSCR experiment had the following objectives: Cl) to measure the flux 
of solar wind particles with atomic number 2 to 26 using mica detectors; 

(2) to determine the flux of light, rare gas, and solar wind ions using 
metal foils; (3) to measure the flux of low-energy particles in space, 
both solar and galactic, during quiet Sim conditions using plastic, glass, 
and mica detectors; and (4) to determine the radon concentration in the 
lunar atmosphere using mica detectors. These detectors were hung from 
the LM, some of them in the shade of the LM with the detectors pointed 
toward space and the rest in the direct sunlight. All detectors were 
brought back to Earth for analyses of the particle tracks. The total ex¬ 
posure time was 45.5 h, and the detectors were sensitive to charged par¬ 
ticles from about 1 keV/nucleon to several MeV/nucleon. 

NSSDC ID numbers, necessary for ordering the published experiment reports 
described in the following section, are located in the Index to Available 
Data. 


Published Reports 

Experiment results are available in published reports that contain descrip¬ 
tions of the CRD and LSCR experiments, equipment, data history, experiment 
operation history, and data processing techniques. The CRD results arc 
published in "Lunar Surface Cosmic Ray Experiment S-152, Apollo 16 General 
Electric Experiment Final Contract Report" by R, L. Fleischer, et al., and 
the LSCR results are published in "Apollo 17 Lunar Surface Cosmic Hay De¬ 
tector Final Report," by R. M. Walker, The actual test sheets used for 
particle detection must be refrigerated for archiving and are held in stor¬ 
age at the NASA/JSC Lunar Sample Curatorial Facility. 
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FAR UV CAMERA/SPECTROGRAPH 

This experiment, carried on Apollo 16, constituted the first planetary- 
based astronomical observatory and consisted of a tripod-mounted 76-mm 
(3-in.) electronographic Schmidt camera with a cesium iodide photocathode 
and film cartridge. Spectroscopic data were provided in the 300- to 1350-A 
range (30-A resolution), and imagery data were provided in two passbands 
(1050 to 1260 A and 155 to 1200 A). Difference techniques allowed Lyman- 
aipha (1216 A) radiation to be identified. The astronauts deployed the 
camera in the shadow of the LM and then pointed it toward objects of in¬ 
terest. Specific planned targets were the geocorona, the Earth's atmo¬ 
sphere, the solar wind, various nebulae, the Milky Way, galactic clusters 
and other galactic objects, intergalactic hydrogen, solar bow cloud, the 
lunar atmosphere, and lunar volcanic gases (if any). At the end of the 
mission, the film was removed from the camera and returned to Earth. Data 
were acquired between April 21 and 24, 1972. HSSDC ID numbers, necessary 
for ordering these data, are located in the Index to Available Data. 


Far UV Photoqraphs/Spectra 

A second generation negative copy of the 35-ram film returned from the 
Descartes landing site on the Apollo 16 mission is available on 70-mm film 
and comprises 209 frames obtained between April 21 and 23, 1972. Included 
are preflight calibration exposures (frames 1 to 18), a black frame (frame 
19), and the 190 exposures taken from the lunar surface (frames 20 to 209). 
The mission frame number for each picture is on the film, but no other in¬ 
formation is given. However, supporting data, described in a subsequent 
section, are provided by NSSDC when these data are requested. 

The lunar surface exposures are distributed over 10 specific target point¬ 
ings. There are both imagery and spectral frames. Imagery was done with 
a lithium fluoride or a calcium fluoride corrector plate, while the spec¬ 
tra were taken using either the lithium fluoride corrector plate or no 
corrector plate. 


Catalog and Supporting Data 

A catalog of the far UV photographs and supporting information for digi¬ 
tized scans of these photographs (which are expected to be received at 
NSSDC) were supplied by the experimenter and are available on 16-mm micro¬ 
film. Information for each scan is contained on a single catalog page. 

The nature of the information given for each scan makes this catalog useful 
for three purposes. First, it is a source of general information on each 
of the mission frames because data such as camera pointing, filters used, 
exposure time, and visible objects arc provided. Second, it is a useful 
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adjunct to the viewing of the mission frames. Third, it is an essential 
guide in determining the location of the microdensitometer scan(s) of the 
frames on the digitized-scan magnetic tapes and is the source of informa¬ 
tion on how the scans were performed and the size of the scans. 

LUNAR DUST DETECTOR 

The ALSEP lunar dust detector experiment (engineering experiment) was car¬ 
ried to the Moon on Apollo 11, 12, 14, and 15. Sufficient data from Apollo 
11 and 12 were not collected to permit analysis of the degradation result. 
The purposes of the experiment were to separate and measure high-energy 
radiation damage to three NPN 10-ohm-cm silicon solar cells (1 x 2 cm each), 
mounted on the ALSEP Sun shield, to measure solar cell output reduction 
caused by dust accumulation, and to measure reflected infrared energy and 
temperatures for use in computing lunar surface temperatures. One solar 
cell was intentionally damaged by irradiation, another had no cover glass, 
and the third cell was a control. 

The dust detector had two components: a sensor package mounted internally 
and externally on a vertical side of the ALSEP central station and a printed 
circuit board located within the ALSEP central station and interfaced with 
the power distribution unit of the ALSEP data subsystem. The irradiated 
cells had a power drop of 2.5 percent/year for Apollo 14 and 1 percent/year 
for Apollo 15. The power drop for the Apollo 14 nonirradiated cell was 4.o 
percent/year and for Apollo 15, 3.5 percent/year. Data from this experi¬ 
ment are described in the following sections. NSSDC ID numbers, necessary 
for ordering these data, are located in the Index to Available Data. 

Daytime Data 

Data plots for the Apollo 14 and 15 dust detectors are available on 19 
reels of 16-mm microfilm for the following time periods. 

Apollo 14 - May 5, 1971, to February 24, 1976 
Apollo 15 - July 31, 1971, to February 22, 1976 

These plots consist of voltages from each solar cell and temperatures from 
the three thermistors during daytime conditions. Dust thermal radiation 
engineering measurement outputs consist of internal temperature, cell tem¬ 
perature, external infrared temperature, bare-cell output, 0.15-mm irradi- 
ated-cell voltage, and 0.15-mm cell voltage as a function of time. Tem¬ 
peratures from the cells range from 298 to 398 K (25 to 125 L). Voltages 
from the cells range from 0 to 70 mV during sunlight conditions depending 
on Sun angle and individual cell characteristics. 
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Eel 1pse Data 


Data plots of temperatures from the three thermistors and voltages from 
the solar cells of the ASLHP package on Apollo 14 during eclipse events on 
January 30. 1972, are available on one roel of 16-mm microfilm. The plots 
consist of internal temperatures, cell temperatures, external 
temperatures, bare-cell output, 0.15-mm irradiated-ccll voltages, and 0.15- 

mm cell voltage as a function of time. 


SUBSATELLITE EXPERIMENTS 


The Apollo 15 and 16 missions each carried a subsatellite (SS) equipped 
with experiments designed to study interplanetary magnetic fields an 
particles. The subsatellites were deployed from the CSM s scientific in¬ 
strument module bay while in lunar orbit. This occurred after the lunar 
surface mission, rendezvous of the LM with the CSM, and transfer of astro¬ 
nauts and lunar samples from the LM to the CM were completed. 


As each subsatellite was released into lunar orbit, three equally spaced, 
folded booms automatically deployed. These booms were mounted at the base 
of the subsatellite and were 1.5 m long. (See Figure 5-12.) After boom 
deployment, the subsatellite spin rate stabilized at U rpm. The subsatel 
lite spin axis was approximately perpendicular to the ecliptic j1 


The Apollo 15 SS, after the first 6 months of operation, experienced 
electronic failure and continued operating m a partial mode for the 
11 months when, because of a power failure, it ceased operations. The 
Apollo 16 SS operated for approximately 1 month and then decayed. SS o 
bital parameters are given in Table 5-1* 



Figure 5-12* The Apollo subsatellite# 
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Data available from NSSDC for the lunar particle shadows and boundary 
layer experiment and the biaxial fluxgate magnetometer experiment carried 
on the SSs are described in the following sections. The S-band transpon¬ 
der data were described in the Command and Service Module Experiments 

section. 

LUNAR PARTICLE SHADOWS AND BOUNDARY LAYER EXPERIMENT 

The lunar particle shadows and boundary layer experiment was designed to 
study the plasma regimes through which the Moon moves, interaction of the 
Moon and plasmas, and some features of the structure and dynamics of the 
magnetosphere. Two 2-element, solid-state particle telescopes and four 
electrostatic analyzers were used. The two telescopes were aligned along 
the spacecraft spin axis and differed in that one had an organic foil in 
which incident electrons lost little energy relative to protons. Each 
telescope was operated at six discrimination levels that corresponded on 
both telescopes to electron threshold energies of approximately 20, 40, 

85 155 320, and 520 keV. The unshielded telescope was sensitive to pro- 

wis of approximately the same energies as electrons in the six Uiscrimi- 
nation states, but the shielded telescope was sensitive to protons with 
six thresholds between about 340 and 700 keV. Species resolution was 
determined from the relative responses of the two telescopes. 

The electrostatic analyzers were oriented perpendicular to the spacecraft 
spin axis and measured both large fluxes of electrons in the energy windows 
0.53 to 0.68, 1.9 to 2.1, and 5.9 to 6.4 keV and small fluxes of electrons 
in the energy windows 5.8 to 6.5 and 13.5 to 15.0 keV. These analyzers di 
not count protons. Spin-integrated counts were obtained for all energy 
windows except the 13.5- to 15.0-keV window in which four-sectored data 
were obtained. The instruments worked as planned for the life of the sub- 
satellites* Data available from NSSDC are shown in Table 5-23 and des- 
cribed in the following sections. The NSSDC ID numbers, necessary for 
ordering these data, are listed in the Index to Available Data. 


Table 5-23. Lunar Particle Shadows and Boundary Layer 
Experiment Data at NSSDC - Averaged Particle Count Rates 


Mission and 
Time Period 


Apollo 15 
Aug, 4, 1971 * 
Jan* 23* 1973 

Apollo 16 
Apr. 25, 1972 
May 29* 1972 


24-s and 10-min Data 10-oin and 2-h Data 2»h Data Orbital Summary 
on Microfilm Reels on Magnetic Tapes on Microfilm Reels 
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10-min and 2-h Averaged Particle Count Rates 

These magnotic tape data arc 10-min and 2-h averages of proton and electron 
fluxos. The magnetic tapes are 7-track binary written at 800 bpi and uen- 
cratcd on a CDC 6600 computer. There is one file per tape, and each physi¬ 
cal rocord consists of 276 60-bit words. The first la words of a physical 

J A Y? thc r ?”*** numbe r, date, and fractional day of the start of the 
W n d r^ X the nun,b0r of minutes of operation during the orbit 
, 0 *L\ e . 0,53 ” t0 0.68-keV electron mode, and 12 successive 10-min 

values of this parameter. The next 260 words constitute a 13- x 20-word 
array where the first column of the array contains orbit-averaged fluxes 

for all counting modes, and each of the next 12 columns contains 10-min 
averaged fluxes for these modes. 

24-s and 10-min Averaged Particle Count Rates 

Averaged count rate (24 s and 10 min) data for Apollo 15 and 16 are avail- 

* b *®. ra ^ rofllm * J hese microfilm data are plots of the 24-s and lo-rain 
particle fluxes on 35-mm microfilm provided by the experimenter. Each 
time interval is covered by 10 frames, each having 2 traces that represent 
all the counting modes of the experiment. Although some characters on the 
frames are illegible, the supporting documentation permits ready use of 
the Plots. There are two types of film plots, one type presenting the 
mest time scale data at 2 h/frame, and the other presenting 10-min aver- 

nn S .?J (f r T; For any °T time ’ b0th '*** of P lots are included 

(10 each). The 2-h averages of all counting modes plotted at 10 davs/ 

frame are identified in the data, "2-h Averaged Count Rates (Orbital*Sum¬ 
mary)," described in the following section. 

2-h Averaged Count Rates (Orbital Summary) 

These data are plots of particle fluxes on 35-mm microfilm provided bv the 
experimenter. Each time interval is covered by 10 frames, each having 2 
races, representing all the counting modes of the experiment. Although 
some characters on the frames are illegible, the supporting documentation 
permits ready use of the plots. Each frame covers 10 days and contains 
2-h averaged fluxes. Finer time scale flux plots are identified in the 

data, 24-s and 10-min Averaged Particle Count Rates," described in the 
preceding section. 

BIAXIAL FLUXGATE MAGNETOMETER 

The Apollo 15 and 16 oiaxial fluxgate magnetometer experiments were boom- 
deployed on the lunar-orbiting subsatellites. One of the magnetometer axes 
lay along the satellite spin axis; the other was in the spin plane. A Sun 
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pulso sector gonorator providod phase information nccdod^to obtain the 
direction of the magnetic vector. Tho spin rate was 5.173 s. 'Ihe dynanuc 
ranges of the Apollo 15 instrument were +.50 and ±200 riT. The Apollo 16 
instrument dynamic ranges wero ±25 and *100 nT. Three data modes were 
available: ono roal timo and two storod modos. The real-time mode was 
available when the subsatollitc was on tho earthward side of the Moon. 

The sample rato was once per second in the spin plane and twice per second 
alongSe spin axis. The*normal stored mode obtained a vector every 24 s 
The fast stored mode recorded the same information every 12 s. llic stored 
modes were available at any time. (See Apollo Scientific: L'xpevitncntc Data 
Handbook , 1974, for more details on this experiment.) 


Data available from NSSDC are shown in Table S-24 and are described in +he 
following sections. The NSSDC ID numbers, necessary for ordering these 
data, are given in the Index to Available Data. 


Table 5-24. Biaxial Fluxgate Magnetometer Experiment Data at NSSDC 

Vector Magnetic Field Measurements 


Mission and 

Time Period 

24-s Time 192-s Averaged 192-s Averaged 

Resolution on Data Plots on Data Listings on 

Magnetic Tapes Microfilm Reels Microfilm Reels 

Apollo 15 

Aug. 4, 1971 - 
Feb. 3, 1972 

Apollo 16 

Apr. 25, 1972 - 
May 29, 1972 

29 6 6 

9 1 1 


24-s B i axial Vector Magnetic Field Measurements 

The Apollo 15 subsatellite magnetic tapes were generated by NASA/JSC for 
the experimenter and contain 24-s magnetic field data and engineering data 
every 192 s, the basic cycle time for the subsatellite. These data aie 
on 7-track, 800-bpi, odd parity, magnetic tapes written on a Univac 1108 
computer with 36-bit words. 


Contained in the data are time, various data relevant to spacecraft posi¬ 
tion and housekeeping, and the magnetic field measurements transverse and 
parallel to the spacecraft spin axis that, together with the Sun pulse in¬ 
formation, yield triaxial magnetic field measurements. These data are 
blocked with a maximum of 560 words per physical record, limes are m 
milliseconds. 
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Apollo 16 subsntollito dntft nro also uvuilnblo on magnetic tape that was 
P.eneratod by the experimenter on an IBM 360/1)1 computer. This tape is a 
9-track, 1600-bpi, odd parity, binary, multifile tape with 36-bit words. 


Plots of Trlaxial 192-s Averaged Magnetic Field Data 

These plots are on 16-nun microfilm reels generated by NASA/JSC for the ex¬ 
perimenter. There are two types of plots. The first (A) plots contain 
192-s averaged magnetic components, X, Y, and Z, in spacecraft coordinates 
and total field magnitude plotted against time for one orbit per frame. 
Spacecraft coordinates have X and Y in the spin plane, with X along the 
projection of the harth-Sun line. The Z direction lies along the space¬ 
craft spin axis, which is nearly perpendicular to the ecliptic plane. No 
sensor drift corrections have been applied to the Z component of the data 
prior to plotting, but drifts are expected to be within +0.27 to -0.87 nT 
(gamma). Offset drifts are tabulated in the documentation, along with 
instructions on iiw to apply them. The second (B) plots contain engineer¬ 
ing parameters, spin periods, and data from the lunar particle shadows and 
boundary layer experiment for* the shielded and unshielded telescopes. 


192-s Averaged Magnetic Field Vectors and Magnitude 

These magnetic data are on 16-mm microfilm reels generated at NASA/JSC for 
the experimenter and contain 192-s averaged data presented as functions of 
time. These data listings contain X-, Y-, and Z-vector components in 
spacecraft coordinates where the X- and Y-axes lie in the spacecraft spin 
plane, with X along the projection of the barth-Sun line. The Z-axis is 
along the spacecraft spin axis and is approximately along the northward 
normal to the ecliptic plane. Also listed are magnetic field magnitude 
and the shielded counts from the lunar particle shadows and boundary layer 
experiment data. Subsatellite state information is also tabulated. 
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Zond 8 photograph taken during close flyby of the lunar farside west of 
Mare Orientale. Mare Orientale is seen on the limb at center, and the 
large "eared" crater is east of Ladygin. (Zond 8-17-401) 
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THE LUNA AND ZOND PROGRAMS 


The Luna and Zond series of unmanned U.S.S.R. spacecraft were designed to 
investigate the Moon and its vicinity ( Govorehin , 1965; Parker, 1969). 

the launch of the first Luna in 1959) the U.S.S.R. lunar program began. 
Sixteen Luna spacecraft and, since 1965, six Zond spacecraft have obtained 
lunar data. (The first two Zond spacecraft were launched in 1964 to study 
Venus and Mars, respectively.) 

These series have included flyby, lunar-orbiting, and soft-landing missions. 
A variety of experiments were carried out by these spacecraft including 
studies of magnetism. X-ray and gamma ray emissions, gravitational anoma¬ 
lies, and chemical composition. Soil samples, near- and farside photog¬ 
raphy (both color and black and white), and Earth-cloud photography were 
also acquired. Luna 17 and 23, launched in 1970 and 1974, respectively, 
carried automatic roving vehicles (Lunokhod 1 and 2) that traversed por¬ 
tions of the lunar surface. Lunokhod 1 roamed in Mare Imbrium near Sinus 
Iridum, and Lunokhod 2 roamed in the Crater Le Monnier at the eastern edge 
of Mare Serenitatis. The Luna 16, 20, and 24 missions soft-landed on the 
lunar surface, scooped up lunar material, and returned these samples to 
Earth. These three missions landed near Mare Crisium. 

The few data acquired by NSSDC from the successful Soviet Union lunar mis- 
sions are from Luna 3, 9, and 13 and from Zond 3, 6, 7, and 8. Those 
missions are compared in Table 6-1 and 6-2. The Luna 3 and Zond 3 space¬ 
craft were flyby missions (Figure 6-1) that continued into solar orbits. 

Zond 6 through 8 (Figure 6-1) flew around the Moon and returned to Earth. 
Zond 6 and 7 were retrieved in the Soviet Union and Zond 8 in the Indian 

Ocean. Luna 9 and 13 (Figure 6-2) were lunar landers that remained on the 
Moon. 

NSSDC has acquired only small amounts of data from these missions, and these 
are exclusively photographic. The photographic samples received are in the 
form of paper prints. Some publications containing photographs, described 
in the following sections, are considered data by NSSDC because these are 
virtually all the U.S.S.R. data that are available for general use. 


FLYBY PHOTOGRAPHY EXPERIMENTS 

The purpose of the Luna 3, Zond 3, and Zond b through 8 flyby mission pho¬ 
tography experiments was to obtain photographs of the lunar surface, partic¬ 
ularly of the limb and farside regions. The Luna 3 spacecraft began the 
photographic coverage «f the farside and Zond 3 completed it. Zond 8 ob¬ 
tained photographs of the Mare Orientale region eastward on the farside to 
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Table 6-1. Luna and Zond Flyby Missions 
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Table 6-2. Luna Lander Missions 
(for which NSSDC lias data) 


Parameters 

Mission Name 


Luna 9 

Luna 13 

Launch Date 

Jan. 31, 1966 

Dec. 21, 1966 

Landing Date 

Feb. 3, 1966 

Dec. 24, 1966 

Landing Coordinates 

64.5°W, 7°N 

62.05°W, 18.87°N 

Landing Area 

Western edge 

of Oceanus 


Procellarum* 

Photo Acquisition 

Dates 

Feb. 4-5, 1966 

Dec. 25-28, 1966 


*Luna 13 landed 300 km from Luna 9. 


The cameras used were phototelevision types designed to photograph and 
transmit surface images. The Zond 3 camera lens had a focal length of 
106.4 mm and an aperture of 13 mm. The 25.4-mm film used on Zond 3 had a 
halftone wedge impressed on the edge. The film was exposed through a 
shutter, passed along into a developing device, dried on a hot drum sur¬ 
rounded by a moisture absorbing device, then passed onto a holder. Here 
the film was scanned with a light spot of 20-pm diameter. The beam was 
collected by a condenser and entered a photomultiplier that produced an 
electrical signal proportional to the film wedge density. These signals 
were then transmitted by a narrow-beam parabolic antenna to a receiving 
station on Earth at 1100 lines/frame. The image signals received were re¬ 
corded on magnetic tape, and the image was reconstructed on electric-chem¬ 
ical pa^er. 

There were two transmission modes. The first was a rapid scan that was 
used for the 28 frames exposed. These were studied, and it was decided to 
transmit 14 of the images in the normal mode. These frames were enlarged 
by approximately a factor of 8, compared to the onboard frame size. Of 
the 28 exposed frames, 23 were of the lunar surface, 3 were exposed through 
ultraviolet light, and 2 were either not transmitted or did not include the 
lunar surface. 

Similar methods were used by Luna 3, although camera parameters differed. 
The Luna 3 camera focal lengths were 200 and 500 mmj apertures were 1:56 
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Figure 6-2. Luna lander spacecraft. 


d 1:9.5, respectively; transmission lines were s 1000 lines per frame; 
d film width was 35 mm. 

e Zond 6 through 8 spacecraft obtained photographs as they flew around 
e Moon and then returned to Earth where the camera film was retrieved, 
erefore, the retrieved photographs are free of noise that occurs during 

levision data transmissions. Zond 6 carried a and a rese¬ 
at had a focal length of 400 mm, a frame size of 13 x 18 cm, and a rcso 
Ition of 50 lines/mm. The Zond 7 photographic equipment was similar and 
taincd coloi ar„"i as black and white photographs. Photographs were 
auired of the lunar surface and of the Earth as it set beneath the lunar 
>rizon Photographs of the Earth were transmitted from Zond 8 during its 
TAtto the Moon! Each of these spacecraft carried out two lunar photo- 
raphic sequences: (1) photography of the liftedlunar disk during « 
roach and (2) photography of the lunar farside during flight around 
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Flvby Photographic Data 

The data available from NSSDC are listod in Table 6-3 and are described 
in the following sections. NSSDC ID numbors, nccossary for ordering those 
data, are listed in the Index to Available Data. 


Table 6-3. Luna and Zond Flyby Photographic Data at NSSDC 


— 

Mission 

Atlases on Microfiche 

Photographs 

index 


Luna 3 

30 photographs* 

3 photographst 




Zond 3 

23 photographst 




Zond 6 


1 

X 


Zond 7 


2 

X 


Zond 8 

18 photographs* 

18 

X 



^Russian. 

tEnglish translation. 


A Data Announcement Bulletin, Status of Availability of Zond 8 (1970- 
088A) Lunar Photography (NSSDC/WDC-A-R5S 76-01) , was published in 1976 and 
describes nine of the available Zond 8 photographs. This DAB is listed on 
the order form. 


Photographic Atlases 

Three atlases have been published by the U.S.S.R. that contain flyby photog¬ 
raphy of the farside of the Moon: 

• Atlae of the Farside of the Moon , containing 30 halftone paper 
prints from Luna 3. 

• Atlas of the Farside of the Moon Part 2, containing 23 halftone 
paper prints (9 are rapid scan only; no UV) from Zond 3. 

• Atlas of the Fai>side of the Moon Part 2, containing 18 halftone 
paper prints (9 disk and 9 closeup) from Zond 8. 
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Those atlases contain discussions of tho onboard phototolevinion systems, 
cartographic information, and photometric characteristics of selected sur^ 
face objects. Lunar topographic features and the torrain P ,10 ^^ P ]o^side 
included in the first two volumes. Photographic maps of the ^ 

compiled from the Zond 3 photography are contained in Part 2 and Part 3. 

In Part 3, a discussion of the Zond 6 and 7 missions is included with the 

discussion of the Zond 8 mission* 

In addition to these atlases, three Luna 3 photographs appear in Hrst 
Photons of the Farside of the Moon . This booh also has brief discus¬ 
sions of the equipment on Luna 3, its flight, and lunar surface features. 

These publications may be viewed at NSSDC or obtained on microfiche as in¬ 
dicated in Table 6-3. NSSDC has the original Russi; n language editions o 
these publications and an English translation of AUas of the Farstde of 
the Moon Part 2 and First Photographs of the Farside of tne Moon available 
for viewing. The microfiche version reduces the quality of the photographs. 

Zond 6, 7, and 8 Photographs 

One Zond 6, two Zond 7, and eighteen Zond 8 photographs are avaiiable from 

NSSDC and are stored as 10.2- x 12.7-cm (4- x 5-in.) 1 * as paper 

provide negatives, positive transparencies, and slides as well as paper 
prints of varying sizes. The photographs are of the Mare Orientale region. 

Nine of the Zond 8 photographs were announced in the DAB (NSSDC/WDC-A-Rf,S 
?6-01)V«criS previously. No supporting data or indexes vere receivec 
with these photographs, but feature identification was made at NSSDC and .s 
contained in the DAB. The nine additional Zond 8 photographs and the iree 
Zond 6 and 7 photographs were also identified at NSSDC, and an index ( e " 
scribed in the following section) giving approximate locations and features 
will be provided with the photographs. 

Z nd 6, 7, and 8 Indexes 

An index and footprint map were supplied by the U.S.S.R. with the Zond 7 
and 8 photographs. The index provides the photograph number and corner - 
ordinates for the Zond 7 and Zond 8 photograph acquisition sessions. The 
footprint maps indicate corner coordinates. Because the individual photo 
graphs received are unnumbered, the indexes and footprint maps cannot be 
used for°photograph selection but will be supplied with requested photographs. 

Photographs received for the Zond 6, 7, and 8 missions have been identified 
and indexed by NSSDC. The NSSDC index contains an assigned number, approxi- 
mat e* U.S*°se1enographic corner coordinates, major surface featuies photographed, 
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• Crater density 

• Crater size range 

• Crut< morphologies 

• Crater ejecta (amount, distribution, and size) 

comptuoT^o 1 Pr ° P,,rHeS (bMri " 8 Stren8th - 

deteminaUon 5 and 'To ° n Lun8 9 and 13 includ<!d the 

lunar features. These comb°aed s?nH= 8 , “ J ,processes that produce 
of manned landings o^rte M^ “ '' elped t0 the feasibility 

The imaging systems for Luna 9 and 13 were identini M ,.i , • 

ramie television camera capable of aVesoluiiofir} in 8. a P an °- 
transmission speed was 1 line/second Tito „ n t0 1,5 mm * Scanning image 
ting mirror that reflected Jhe snS^ H C{ T? ra W f S com P osed of a rota- 

forming an image element. The light flux^as the^r * ^ f° the dia P hra «"> 
ceiver that converted it to an elJcJricS , by a light re " 

ness of the object. The signals were trLmined to ™nhf ^ the bri8ht - 
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one revolution of £ l "-“ ,UC " 

There were S00 elements per line and 500 lines pe? p°ctwe ^Tuh'T 80 ’ 

TV element). Special devices insured svnchrnnniw i . . ^ ^ per 

ground registration equipment. X d lnphase °P e ™tion of 

Lander Photographic Data 

pie data available from NSSDC for Luna 9 and 13 nr« n ttn i • ~ , t 

NSSDC data ID numbers necessary for orderimi those lit ? Table 6-4. 

Index to Available Data. g these data are listed m the 
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Table 6-4. Lander Photographic Data at NSSDC* 



The photographs are contained in a two-volume set of books. First Panoramas 
of the Lunar Surface. Volume 1 contains photographs from Luna 9, and Volume 
2 contains photographs from Luna 13. 

Included in the first volume are also discussions of equipment, onboard 
systems, flight dynamics, results from studies of the panoramas of the 
lunar surface, mapping of the surroundings of the spacecraft, and morphol¬ 
ogy of the landing area. Panorama 3 and other photographs are presented 

throughout the text. 


Volume 2 of the set contains panoramas and individual fragments of the 
lunar surface taken by Luna 13. Also included are discussions and descrip¬ 
tions of the spacecraft, flight conditions, scientific apparatus (i.e., the 
soil mechanics penetrometer and the radiation densitometer), results or 
scientific research with comparisions of the Lima 9 and 13 missions, pho- 
togrammetric properties of the lunar panorama, locality of Luna 13, its 
relief, stereo studies of the rocks, morphological characteristics of t e 

landing site, and topography. 


These books were published in the Russian language and may be viewed at 
NSSDC. There is an linglish trauslat^ available for Volume 1> and a mi¬ 
crofiche version of this translation is available from NSSDC. An lmglish 
translation of Volume 2 is available on microfiche, but the Russian lan¬ 
guage edition is only available for viewing at NSSDC. Note that the pho¬ 
tographs will be degraded in microfiche copies of these books. 
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APPENDIX 1 - NONSATELLITE DATA 


GROUND-BASED LUNAR PHOTOGRAPHS 

Table Al-1 provides a list of worldwide astronomical observatories that 
obtained and can supply ground-based lunar photographs. Note that these 
photographs are not available from NSSDC, and requests for photographs 
should be made to the appropriate institution listed. In addition to 
those observatories listed, other observatories that were believed to 
have lunar photographs (including Harvard and Leander-McCormick) were 
contacted; however, some known photographs are not locatable (e.g., W. H. 
Pickering's 51 x 61 cm (20 x 2h in.) that appear in his atlas). 

The photography that is available includes whole-disk photographs at sev¬ 
eral phases and ages of the Moon as well as local features and regions of 
the Moon at high magnifications. Photograph originals range from 7.6 x 
12.7 to 20.3 x 25.4 cm (3 x 5 to 8 x 10 in.) for all observatories. Pho¬ 
tographs that are available and were also incorporated in published at¬ 
lases are noted, and an incomplete list of lunar atlases is provided in 
the following section of this Appendix. Those observatories that pub¬ 
lish catalogs are noted. 

In some cases, such as the Pic du Midi photographs archived at the Paris 
Observatory, plates may be viewed at the Observatory. A few (~ 100) of 
these are stored at the University of Manchester, England, The Paris 
Observatory at Meudon established the Planetary Photographs Center of 
the International Astronomical Union in 1961. Facilities and equipment 
for study and reproduction of the original plates and negatives are pro¬ 
vided. 

GROUND-BASED PHOTOGRAPHIC LUNAR ATLASES 

The following list of lunar atlases includes those photographic atlases 
comprised of ground-based lunar photographs. Atlases comprised of satel¬ 
lite lunar photographs are not included here, but appear in the References/ 
Sources sections of the Catalog or were described as data available from 
NSSDC. 

The list excludes atlases comprised solely of charts and maps of the Moon, 
although these forms may be included with the ground-based photographic 
atlases listed. In addition, the Library of Congress shelf number has been 
included following the references in parentheses where possible. 
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Alter, D. (ed.)» Lunar Atlas, Space Sciences Labs., N. American Aviation, 

Inc., Dover Pub., New York, 1968. (QBS95.N63) 

Alter, D., Pictorial Guide to the Moon, 3rd ed., Illus., Thomas Y, Crowell, 
New York, 1973. (QB595.A56) 

de Calatay, V., Atlas de la Lune , (trans. by R. G. Lascelles), St. Martin’s 
Press, New York, 1964. (QB595.C313) 

Firsoff, V. A., Moon Atlas, Hutchinson, London, 1961. (QB595.F52) 

Kopal, Z., New Photographic Atlas of the Moon, Taplinger Press, New York, 
1970. (QB595.K83N53) 

Kopal, Z., J. Klepesta, and T. IV. Rackman (eds.), Photographic Atlas of 
the Moon, Academic Press, Inc., New York, 1965. (QB595.K83) 

Krieger, I. N., Mond-Atlas, Neue Folge (Atlas of the Moon, New Series), 
Leipzig, Trieste, Vienna, 1898-1917. 

Kuiper, G. P., Orthographio Atlas of the Moon (Suppl. No. 1 to the Photo¬ 
graphic Lunar Atlas, Edition A showing the Standard Orthographic Co¬ 
ordinate Grid), University of Arizona Press, Tucson, Arizona, 1960. 
(QB595.A73 No. 1) 

Kuiper, G. P., Orthographic Atlas of the Moon (Suppl. No. 1 to the Photo¬ 
graphic Lunar Atlas, Edition B showing the Standard Orthographic Co¬ 
ordinate Grid and the Mean Latitude-Longitude Grid), University of 
Arizona Press, Tucson, Arizona, 1961. (QB595.K96) 

Kuiper, G. P., D. W. G. Arthur, E. Moore, J. W. Tapscott, and E. A. Whitaker, 
Photographic Lunar Atlas (Based on Photographs Taken at the Mt. Wilson, 
Lick/Pic du Midi, McDonald, and Yerkes Observatories), University of 
Chicago Press, Chicago, Illinois, 1960. (QB595.U5) 

Kuiper. G. P., E. A. Whitaker, R. G. Strom, J. W. Fountain, and S. M. Larsen, 
Consolidated Lunar Atlas (Suppl. Nos. 3 and 4 to the Photographic Lunar 
Atlas, Using Photographs from the U. of Ariz. 61-in. reflector and the 
Naval Observatory 61-in. reflector at Flagstaff), Lunar Planetary Labora¬ 
tory, University of Arizona, Tucson, Arizona, 1967. (QB595.K96) 

le Morvan, Carte Photographique et Systematique de la Lune, Paris Observa¬ 
tory, Paris, France, 1914-1921. 

Loewy, M., and P. Puiseux, Atlas Photographique de la Lune, Paris Obser¬ 
vatory (published in Bulletin de la Soci£te Beige d*Astronomic), Paris, 
France, 1896-1909. 
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Miyamoto, S., and A. Hattori, (eds,), Photographic Atlas of the Moon, Second 
Edition 1964, Contributions from the Institute of Astrophysics and Kwasan 
Observatory, University of Kyoto, No. 137, Japan, 1964. 

Pickering, IV. H., The Moon, Doubleday, Page, and Co., New York, 1903. 
(QB581.P6) 

Pickering, W. H,, Photographic Atlas of the. Moon, Annals of Harvard College 
Observatory, 51, Cambridge, Massachusetts, 1903. (QB4.H3300151) 

IVeimer, Th., Atlas de Profils Lunaires, Paris Observatory, Paris, France, 
1952. (QB399.W4) 

Weinek, L., and I. N. Krieger, Paris Atlas of the Moon, Paris, France, 

1912. 

• 

Whitaker, E. A., G. P. Kuiper, et al.. The Rectified Lunar Atlas (Suppl. 

No. 2 to the Photographic Lunar Atlas), University of Arizona Press, 
Tucson, Arizona, 1963. (QB595.A73 No. 3) 


LUNAR MAPS 

Lunar maps that were prepared by the Defense Mapping Agency and are now 
out of stock can be obtained, in reduced form, from NSSDC. The original 
maps were prepared from lunar mission photography by the Defense Mapping 
Agency Topographic Center for distribution and were described and cataloged 
in the Lunar Cartographic Dossier (L. A. Schimerman, ed., 1973). The 
maps range in scale from 1:10,000,000 to 1:1000. 

The Defense Mapping Agency Aerospace Center (DMAAC) prepared 70-mm color 
transparencies of maps that are now out of stock. These transparencies 
are stored at NSSDC for request purposes. 

NSSDC can supply black and white paper print enlargements in various sizes 
up to 51 x 61 cm (20 x 24 in.). However, resolution of large terrain fea¬ 
tures and printed matter is fair to poor, while smaller items are illegible. 
Scientific use will be limited. Requests directed to the distribution 
agencies for out-of-stock maps will be forwarded automatically to NSSDC. 

Most maps held at NSSDC are described in the Lunar Cartographic Dossier. 

This document was prepared by and is available from: 

Defense Mapping Agency Aerospace Center 
St. Louis Air Force Station 
St. Louis, MO 63118 
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APPENDIX 2 - U.S. PRINCIPAL INVESTIGATORS WITH DATA AT NSSDC 


RANGER PROGRAM 

Television Experiment: R. L. Heacock (G. P. Kuiper, deceased) 
SURVEYOR PROGRAM 

Alpha-Scattering Surface Analyzer Experiment: A. Turkevich 
Soil Mechanics Surface Sampler: R. F. Scott (Surveyor 7); 

E. M. Shoemaker (Surveyor 3) 

Television Experiment: E. M. Shoemaker 

LUNAR ORBITER PROGRAM 

Lunar Photographic Studies: L. J. Kosofsky 
Meteoroid Experiment: C. A. Gurtler 
Selenodesy Experiment: W. H. Michael, Jr. 

APOLLO PROGRAM 

Active Seismic: R. L. Kovach 
Alpha Particle Spectrometer: P. Gorenstein 
Atmospheric Composition Experiment: J. H. Hoffman 
Biaxial Fluxgate Magnetometer: P. J. Coleman 
Bistatic Radar: T. H. Howard 

Charged Particle Lunar Environment Experiment: D. L. Reasoner 
Closeup Stereoscopic Camera: T. E. Gold (Apollo 11, 12); 

R. J. Allenby (Apollo 14) 

Cold Cathode Ion Gage: F. S. Johnson 
Contamination Photography: G. A. Gary 
Cosmic Ray Detector: R. L. Fleischer 
Far Ultraviolet Spectrometer: W. G. Fastie 
Far UV Camera/Spectrograph: G. R. Carruthers 
Gamma Ray Spectrometer: J. R. Arnold 
Gegenschein: L. Dunkelman 

Hasselblad Multispectral Photography: A. F. H. Goetz 
Hasselblad 70-mm Photography: R. J. Allenby (Apollo 8, 10-14); 

F. J. Doyle (Apollo 15, 16, 17) 

Heat Flow Experiment: M. G. Langseth 

Hycon Camera: Mapping Sciences Laboratory, NASA/JSC 

Laser Altimeter (Mapping Camera System): W. M. Kaula; W. L. Sjogren 

Laser Ranging Retroreflector: C. 0. Alley; J. Faller 

Lunar Dust Detector: J. R. Bates 

Lunar Field Geology: W. R. Muehlberger (Apollo 16); E. M. Shoemaker 
(Apollo 11, 12); G. Swann (Apollo 14, 15, 17) 

Lunar Particle Shadows and Boundary Layer Experiment: K. A. Anderson 
Lunar Portable Magnetometers: P. Dyal 
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Lunar Sounder Experiment: R, Phillips 
Lunar Surface Cosmic Ray Experiment: R, M, IValkor 
Lunar Surface Magnetometers: P. Dyal (Apollo 15, 16); C. P, Sonett 
(Apollo 12) 

Mapping Camera System: I*'. J. Doyle 
Mass Spectrometer: J. H. Hoffman 

Maurer Camera: R. J. Allenby (Apollo 8, 10-14); F. J. Doyle 
(Apollo 15, 16, 17) 

Neutron Probe: D. S. Burnett 

Nikon Camera: F, J. Doyle (Apollo 16); L. Dunkelman (Apollo 15); 

R. Musgrove (Apollo 17) 

Panoramic Camera: F. J. Doyle 

Passive Seismic Experiment: G. V. Latham 

S-Band Transponder: W. L. Sjogren 

Seismic Profiling: R. L. Kovach 

Soil Mechanics Experiment: J. K, Mitchell 

Solar Wind Spectrometer: C. W. Snyder 

Stellar Camera (Mapping Camera System): F. J. Doyle 

Suprathermal Ion Detector: J. W. Freeman 

Surface Electrical Properties Experiment: M. G. Simmons 

Traverse Gravimeter Experiment: M. Talwani 

TV Kinescope Photography: F. J. Doyle 

X-Ray Fluorescence: I. Adler 
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APPENDIX 3 - ACRONYMS AND ABBREVIATIONS 


Apollo lunar surfaco drill 
Apollo lunar sounder experiment 
Apollo lunar surfaco experiments package 
Army Map Service (now Defense Mapping Agency Topo 
graphic Center) 

Apollo photographic evaluation (data) 
active seismic experiment 

binary coded decimal 
bits per inch 
black and white 

California Institute of Technology 

cold cathode gage experiment 

commander 

Command Module 

Command Module pilot 

cosmic ray detector 

coherent synthetic aperture radar 

Command and Service Module 

Data Announcement Bulletin 

Data Users Note 

Deblock and Register (program) 

early Apollo surface experiments package 
Earth Resources Observation Systems 
extravehicular activity 

relative aperture 
full 

field of view 

frames per second 

fine time scale parameters 

ground elapsed time 
Greenwich mean time 
ground reconstruction equipment 


HF 

HR 


high frequency 
high resolution 
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ID 

JPL 

JSC 

LAC 

LaRC 

LM 

LMP 

LP 

LPM 

LRRR 

LRV 

LSCR 

LSM 

LSPE 

MCS 

MET 

MR 

MSC 

NASA 

NSDF 

NSSDC 

NTIS 

ODG 

ODP 

P 

PSE 

rms 

SEP 

SIDE 

SIM 

SM 

SP 

SWRF 

TDP 

TID 

TV 



identification 

Jet Propulsion Laboratory 

Johnson Spaco Conter (formoily Manned Spacecraft Center) 

lunar aoronautical charts 

Lang.'.cy Research Center (formerly LUC) 

Lunar Module 
Lunar Module pilot 
long period 

lunar portable magnetometer 
laser ranging retroreflector 
lunar roving vehicle 
lunar surface cosmic ray 
lunar surface magnetometer 
lunar seismic profiling experiment 

mapping camera system 
modularized equipment transporter 
medium resolution 

Manned Spacecraft Center (now Johnson Space Center) 

National Aeronautics and Space Administration 
Nonsatellite Data File 
National Space Science Data Center 
National Technical Information Service 

Orbit Data Generator (program) 

Orbit Determination Program 

partial 

passive seismic expei^ment 

root mean square 

surface electrical properties 
suprathermal ion detector experiment 
scientific instrument module 
Service Module 
short period 
subsatellite 

Sine Wave Response Filter (program) 

Tracking Data Processor (program) 

total ion detector 

television 
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LI 

unified atomic mass unit 

u.s.s.u. 

Union of Soviet Socialist Republics 

UT 

universal time 

uv 

ultraviolet 

uvs 

UV spectrometer 

VI IF 

vory high frequency 

V/ll 

vclooity-to-hoight (ratio) 

WDC-A-RliS 

World Data Center A for Rockets and Satellites 
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APPENDIX 4 - NS5DC FACILITIES AND ORDERING PROCEDURES 


NSSDC PURPOSE AND ORGANIZATION 

The National Space Science Data Center (NSSDC) was established by the 
National Aeronautics and Space Administration (NASA) to provide data and 
information from space science experiments in support of additional studies 
beyond those performed by principal investigators. Available lunar m 

all disciplines are announced in this Catalog . Data available from NSSDC 
in other disciplines (see inside front cover) comprise additional published 
catalogs or catalogs to be published in the near future. In addition to its 
main function of providing selected data and supporting information for fur¬ 
ther analysis of space science flight experiments, NSSDC produces other 
publications. Among these are a report on active and planned spacecraft 
and experiments and various users guides. 

Virtually all the data available at or through NSSDC result from individual 
experiments carried on board individual spacecraft. The Data Center has 
developed an information system utilizing spacecraft/experiment/data identi¬ 
fication hierarchy. This Catalog is based on this information system, and 
additional program information has been provided. 


NSSDC FACILITIES AND SERVICES 


NSSDC provides facilities for reproduction of data and for onsite data use. 
Resident and visiting researchers are invited co study the data while ® 
the Data Center. The Data Center staff will assist users with additional 
data searches and with the use of equipment. In addition to satellite data, 
the Data Center maintains some supporting information and other supporting 
data that may be related to the needs of researchers. 


DATA AVAILABILITY, COSTS, AND ORDERING PROCEDURES 

The services provided by NSSDC are available to any individual or organiza¬ 
tion resident in the United States and to researchers outside the United 
States through the World Data Center A for Rockets and Satellites (WDC-A-nhS). 
Normally a charge is made for the requested data to cover the cost ^pro¬ 
duction and the processing of the request. The researcher will be notified 
of the charge, and payment must be received prior to processing the request 
However, os resources po»it, the Director of NSSDC/WUC-A-MS may waive the 
charge for modest amounts of data when they are to be used tor •cientitic 
studies or for specific educational purposes and when they arc requested 
by aJi individual affiliated with: (1) NASA installations, NASA contractors, 
or NASA grantees; (2) other U.S. Government agencies, tneir contractors, or 
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their grantees; (3) universitijs or colleges; (4) state or local govern¬ 
ments; or (5) nonprofit organizations, 

A researcher may obtain data described in this Catalog by a letter or 
telephone request, an onsite visit, or the NSSDC/WDC-A-RSS data request 
form provided specifically for lunar data. This form enables a requester 
to order (1) documentation that will facilitate ordering specific data 
and (2) specific data where definitive information can be obtained from 
this Catalog . Anyone who wishes to obtain data for a scientific study 
should specify the NSSDC identification number (provided in the Index to 
Available Data), the common name of the satellite and the experiment, the 
form of the data, and the timespan (or location, when appropriate) of 
interest, A researcher should also specify why the data are needed, the 
subject of his work, his affiliation, and any Government contracts he may 

have for performing his study. 

NSSDC would also appreciate receiving copies of all publications resulting 
from studies in which data supplied by NSSDC have been used. .It is further 
requested that NSSDC be acknowledged as a source of the data in all publi¬ 
cations resulting from use of the data provided. 


Data can be provided in a format or medium other than that noted in the 
data descriptions. For example, magnetic tapes can be reformatted, computer 
printout or microfilmed listings can be reproduced from magnetic tape, en¬ 
larged paper prints are available from data on photographic film and micro¬ 
film, etc. The Data Center will provide the requester with an estimate of 
the response time and, when appropriate, the charge for such requests. When 
requesting data on magnetic tape, the user should specify whether he will 
supply new tapes prior to the processing, return the original NSSDC tapes 
after the data have been copied, or pay for new tapes. 


The Data Center's address for requests is: 


National Space Science Data Center 
Code 601.4 

Goddard Space flight Center 
Greenbelt, Maryland 20771 
Phone: (301) 982-6695 


Researchers who reside outside the U.S, 


should direct requests for data to: 


World Data Center A for Rockets and Satellites 
Code 601 

Goddard Space Plight Center 
Greenbelt, Maryland 20771 U.S.A. 

Phone (301) 982-6695 
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Because the World Data Center A for Rockets and Satellites (WDC-A-RSS) 
also maintains listings of rocket experiments, requests for information 
concerning rocket launchings and experiments flown may be directed to this 
institution. 
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INDEX TO U.S. PRINCIPAL INVESTIGATORS 


Page 


Adler, I., University of Maryland, College Park, Maryland 
X-Ray Fluorescence, Apollo 15, 16 . 


Allenby, R. J., NASA/GSFC, Greenbelt, Maryland 

Closeup Stereoscopic Camera, Apollo 14 . 70 

Hasselblad 70-mm Photography, Apollo 8, 10-14 . 60 

Maurer 16-mm Movie Camera, Apollo 8, 10-14 . 67 


Alley, C. 0., University of Maryland, College Park, Maryland 
Laser Ranging Retroreflector, Apollo 11, 14, 15 ....... 


121 


Anderson, K. A., University of California, Berkeley, California 
Lunar Particle Shadows and Boundary Layer Experiment, 
Apollo (SS) 15, 16 . 


143 


Arnold, J. R., University of California, San Diego, California 
Gamma-Ray Spectrometer, Apollo 15 . 


Bates, J. R., NASA/JSC, Houston, Texas 

Lunar Dust Detector, Apollo 11, 14, 15 


Burnett, D. S., California Institute of Technology, Pasadena, 
California 

Neutron Probe, Apollo 17 .. 


128 


Curruthers, G. R,, Naval Research Laboratory, Washington, D.C. 
Far UV Camera/Spectrograph, Apollo 16 . 


14U 


Coleman, P. J., University of California, Los Angeles, California 

Biaxial Fluxgate Magnetometer, Apollo 15, 16 . 144 
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★Doyle, F. J., U.S. Geological Survey, Reston, Virginia 
Hasselblad 70-ram Photography, Apollo 15, 16, 17 . 

Mapping Camera System, Apollo 15, 16, 17 . 

Maurer 16-mm Movie Camera, Apollo 15, 16, 17 «... 

Nikon Camera, Apollo 16 . 

Panoramic Camera, Apollo 15, 16, 17 . 

Stellar Camera, Apollo 15, 16, 17 .. 

TV Kinescope Photography, Apollo 15, 16, 17 . 


60 

83 

67 

73 

78 

88 

77 


Dunkelman, L., NASA/GSFC, Greenbelt, Maryland 

Gegenschein, Apollo 14-17 . 

Nikon Camera, Apollo 15 . 


Dyal, P., NASA/ARC, Moffett Field, California 

Lunar Surface Magnetometers, Apollo 15, 16 
Portable Magnetometers, Apollo 14, 16 .... 


Faller, J., University of Colorado, Boulder, Colorado 
Laser Ranging Retroreflector, Apollo 11, 14, 15 


Fastie, W. G., Johns Hopkins University, Baltimore, Maryland 
Far Ultraviolet Spectrometer, Apollo 17 . 


Fleischer, R. L., National Science Foundation, Washington, D.C. 
Cosmic-Ray Detector, Apollo 16 ..... 
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Freeman, J. W., Rice University, Houston, Texas 
Suprathermal Ion Detector, Apollo 12, 14, 15 


Gary, G. A., NASA/MSFC, Huntsville, Alabama 
Contamination Photography, Apollo 16 . 


Goetz, A. F. II., NASA/JPL, Pasadena, California 

Hasselblad Multispectral Photographs, Apollo 12 


*Mr. Doyle was the chairman of the CSM Orbital Science Photographic leant. 
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Gold, T. E., Cornell University, Ithaca, New York 
Closeup Stereoscopic Camera, Apollo 11, 12 . 


Gorenstein, P., Harvard College Observatory, Cambridge, 
Massachusetts 

Alpha Particle Spectrometer, Apollo 15, 16 .. 


Gurtler, C. A., NASA/LaRC, Hampton, Virginia 
Meteoroid Experiment, Lunar Orbiter 1-5 


Heacock, R. L., NASA/JPL, Pasadena, California 
Television Experiment, Ranger 7, 8, 9 ... 


Hoffman, J. H., University of Texas, Dallas, Texas 
Atmospheric Composition Experiment, Apollo 17 
Mass Spectrometer, Apollo 15, 16 . 


Howard, H. T., Stanford University, Stanford, California 
Bistatic Radar, Apollo 14, 15, 16 . 


Johnson, F. S., University of Texas, Dallas, Texas 
Cold Cathode Ion Gage, Apollo 12, 14, 15 .... 


INDEXES 


Kaula, W. M., University of California, Los Angeles, California 
Laser Altimeter, Apollo 15, 16, 17 ... 


♦Kosofsky, L. J., NASA Headquarters, Washington, D.C 
Lunar Photographic Studies, Lunar Orbiter 1-5 


Kovach, R. L., Stanford University, Stanford, California 
Active Seismic and Seismic Profiling Experiments, 
Apollo 14, 16, 17 . 


♦Retired. 
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♦Kuiper, G. P., University of Arizona, Tucson, Arizona 

Television Experiment, Ranger 7, 8, 9... 10 

Langseth, M. G,, Columbia University, Palisades, Now York 

Heat Flow Experiment, Apollo 15, 16, 17 .. 125 

Latham, G. V., University of Texas, Galveston, Texas 

Passive Seismic Experiment, Apollo 11, 12, 14, 15, 16 . Ill 

Mapping Sciences Laboratory, NASA/JSC, Houston, Texas 

Hycon Camera Photography, Apollo 14 . 71 

Mercer, R., 

Gegenschein, Apollo 14-17 ..67,73 


Michael, W. H., Jr., NASA/LaRC, Hampton, Virginia 

Selenodesy Experiment, Lunar Orbiter 1-5 . 47 

Mitchell, J. K., University of California, Berkeley, California 

Soil Mechanics Experiment, Apollo 12, 14-17 . 109 


Muehlberger, W. R., University of Texas, Austin, Texas 


Lunar Field Geology, Apollo 16 . 105 

Musgrove, R., NASA/JSC, Houston, Texas 

Nikon Camera, Apollo 17. 73 


Phillips, R., NASA/JPL, Pasadena, California 

Lunar Sounder Experiment, Apollo 17 .. 101 


Reasoner, D. L., NASA/MSFC, Huntsville, Alabama 

Charged Particle Lunar Environment Experiment. Apollo 14 ... 133 


♦Deceased, see Hcacock. 
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Scott, R. F., California Institute of Technology, Pasadena 

California _ _ 

Soil Mechanics Surface Sampler, Surveyor 7 ... 


Shoemaker, B. M., California Institute of Technology, Pasadena, 
California 

Lunar Field Geology, Apollo 11, 12 .. 

Soil Mechanics Surface Sampler, Surveyor 3 .. 

Television Experiment, Surveyor 1, 3, 5, o, 7 . 


105 

28 

22 


Simmons, M. G., Massachusetts Institute of Technology, Cambridge, 

Mass achusettsMetrical properties Exper i rae nt, ApoUo 17. 127 


Sjogren, W. L., NASA/JPL, Pasadena, California 89 

Laser Altimeter, Apollo 15, 16» ^ .. gl 

S-Band Transponder, Apollo 12, 14-17 . 

Snyder, C. W., NASA/JPL, Pasadena, California . 13? 

Solar Wind Spectrometer, Apollo 12, is . 

Sonett, C. P., University of Arizona, Tucson, Arizona ^ 

Lunar Surface Magnetometers, Apollo 12 .... 


Swann, G., U.S. Geological Survey, Fiagstaff, Arizona 
Lunar Field Geology, Apollo 14, 15, 17 . 


105 


Talwani, M., Columbia University, Palisades, New York . 

Traverse Gravimeter Experiment, Apol o «.♦«»»»»»•• 

Tl ,_v,,,i„i, a University of Chicago, Chicago, Illinois 

Alpha-Scattering Surface Analyzer Experiment, Surveyor 5, ^ 

6 , 7 . 

Walker, R. M., Washington University, St. Louis, Missouri ^ 

Lunar Surface Cosmic-Ray Experiment, Apollo 17 . 
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INDEXES 


INDEX TO AVAILABLE DATA 


Spacocraft 


NSSDC Data ID* 


Pago 


THE RANGER PROGRAM . 

Television Experiment . 

Lunar Photographs .■ 

Ranger 7 
Ranger 8 
Ranger 9 

Atlases of Lunar Photographs 
Ranger 7 
Ranger 8 
Ranger 9 


64- 041A-01A 

65- 01OA-01A 
65-023A-01A 


64- 041A-01B 

65- 010A-01B 
65-023A-01B 


THE SURVEYOR PROGRAM . 

Television Experiment . 

70-mm Photography . . 

Surveyor 1 
Surveyor 3 
Surveyor 5 
Surveyor 6 

Surveyor 7 b °~ 

Digitally Processed 35-mm Photography .. 
Surveyor 1 6 ^" 


66- 045A-01A 

67- 035A-01A 
67-084A-01A 

67- 112A-01A 

68- 001A-01A 


Surveyor 3 
Surveyor 5 
Surveyor 6 
Surveyor 7 

Mosaic Negatives ... 

Surveyor 1 
Surveyor 3 
Surveyor 5 
Surveyor 6 
Surveyor 7 

Regenerated 70-mm Photography 
Surveyor 3 
Surveyor 5 
Surveyor o 
Surveyor 7 

Catalogs of TV Photographs .. 
Surveyor 1 
Surveyor 5 


66- 045A-01B 

67- 035A-01B 
67-084A-01B 

67- 112A-01B 

68- 001A-01B 


66- 045A-01D 

67- 035A-01D 

67— 084A—01D 
6/-112A-01U 

68- 001A-01D 


67-035A-01P 

67-084A-01P 

O7-112A-01P 

O8-001A-01P 


66-045A-01C 

O7-084A-01C 


Vn, ls nu* ~to the NSSUC Oata identification and must be used when 
requesting data. 
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Sjacocraft NSSDC Oata ID Pafi° 

Photographic Identification Information .. *•••••••• 28 

Surveyor 1 66-045A-Q1E 

Surveyor 3 67-035A-01K 

Surveyor 5 67-084A-0! P. 

Surveyor 6 67-112A-01U 

Surveyor 7 68-001A-01L 

Animated Sunset Sequence of 

Lunar First Day... 28 

Surveyor 3 67-035A-01G 

Selected Mosaics .*. 28 

Surveyor 5 67-084A-01G 

Soil Mechanics Surface Sampler .. 28 

Animated Field Sequence Mosaics ..... 30 

Surveyor 3 67-035A-02A 

Surface Sampler Motor Current Data .... • 30 

Surveyor 7 68-001A-02A 

Alpha-Scattering Surface Analyzer Experiment . 30 

Alpha-Scattering Data.. • 31 

Surveyor 5 67-084A-02A 

Surveyor 6 67-112A-02A 

Surveyor 7 68-001A-03A 

THE LUNAR ORBITER PROGRAM . 37 

Lunar Photographic Studies ♦ •••♦.• .♦♦•••• 40 

LaRC First Generation 35-mm Framelets .• •••• 45 

Lunar Orbiter 1 66-073A-01E 

Lunar Orbiter 2 66-100A-01E 

Lunar Orbiter 3 67-008A-01E 

Lunar Orbiter 4 67-041A-01D 

Lunar Orbiter 5 67-075A-01D 

LaRC Hand-Assembled Regenerated Frames .• •••* 45 

Lunar Orbiter 1 66-073A-01C 

Lunar Orbiter 2 66-100A-01C 

Lunar Orbiter 3 67-008A-01C 

Lunar Orbiter 4 67-041A-01B 

Lunar Orbiter 5 67-075A-QUJ 

Microfiche Catalog of LaRC Photography **««»***».»» . 4o 

Lunar Orbiter 1 oo-073n-01L 

Lunar Orbiter 2 66-100A-OIL 

Lunar Orbiter 3 07-908A-01L 

Lunar Orbiter 4 h7-041A-oik 

Lunar Orbiter 5 O7-075A-01K 





























INDEXES 


Spacecraft 


NSSDC Mata IIS 


Booing Company Revised Photographic Supporting 

Data ...... 

Lunar Orb iter 1 <i(»—0 7 7.A-0111 

Lunar Orbiter 2 oo-lOOA-Olll 

Lunar Orbiter 3 07-008A-01II 

Lunar Orbiter 4 O7-041A-010 

Lunar Orbiter 5 O7-075A-0K1 

Photographic Supporting Mata ...... 


Page 


4(j 


4o 


Lunar Orbiter 1 
Lunar Orbiter 2 
Lunar Orbiter 3 
Lunar Orbiter 4 
Lunar Orbiter 5 


(NSSDC) 
(Cal Tech) 
(NSSDC) 
(Cal Tech) 
(NSSDC) 
(Cal Tech) 
(NSSDC) 
(Cal Tech) 
(NSSDC) 


O0-U73A-01.J 
t)G-073A-0 1 M 
O0-10UA-01J 
OO-100A-01M 
O7-008A-01J 
O7-008A-01M 
67-041A-01I 
67-041A-01L 
O7-075A-01I 
O7-075A-01L 


(Cal Tech) 

Interim Photograph-Site Accuracy Calculations .. 
Lunar Orbiter 1 66-073A-U1K 

2 60-lOOA-Olk 

3 O7-008A-01K 

4 O7-041A-01J 

5 O7-075A-01J 
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Lunar Orbiter 
Lunar Orbiter 
Lunar Orbiter 
Lunar Orbiter 
Selenodesy lixperiment . 


Lunar Orbiter 1 


Lunar Orbiter 2 


Lunar Orbiter 3 


Lunar Orbiter 


3 


I'UUl • • » 

(TDP) 


OO-073A-02A 

(ODP) 


O0-073A-02B 

(Blocked 

TDP) 

OO-073A-02C 

(Blocked 

ODP) 

O0-073A-02D 

(TDP) 


00-100A-02A 

(ODP) 


OO-100A-02B 

(Blocked 

TDP) 

OO-1U0A-0JC 

(Blocked 

ODP) 

OO-10DA-02D 

(TDP) 


O7-008A-02A 

(ODP) 


O7-0D8A-02B 

(Blocked 

TDP) 

O7-008A-02C 

(Blocked 

ODP) 

()7-008A-02D 

(TDP) 


07-041A-02A 

(ODP) 


07-041A-02B 

(Blocked 

TDP) 

o7-('41A-02C 

(Blocked 

ODP) 

07-041A-02D 

(TDP) 


07-073A-02A 

(ODP) 


O7-D73A-02B 

(Blocked 

TDP) 

o7-075A-02i: 

(Blocked 

ODP) 

(.7-075A-02D 


lyo 
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Spacecraft 


N'SSItC Data ID 



Meteoroid lixperlment ... 

Micrometeroid Penetration Data 
lunar Orb iter 1 
Lunar Orbit or 2 
Lunar Orbiter 3 
Lunar Orbiter 4 
Lunar Orbiter 5 


(»(j—()73A—03B 
O(i~10UA"()3A 
(.7-0D8A-03A 
D7-041A-03A 
O7-075A-03A 
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Till; APOLLO PlUXiRAM... 53 

Command Module and Sex’viee Module lixperiments .. S'.) 

Ilasselblud 70-mm Photography .... (i() 

llasselblad 70-imn Photographs .. < v | 


Apollo 

8 

((B/W, photometry ) 

O8-11SA-01C 



(11/IV, iogetronic) 

08-118A-01D 



(color) 

(»S— 118A-01A 

Apollo 

10 

(B/W, photometric) 

(i‘)-043A-0H: 



(B/W, Iogetronic) 

OD-U43A-D1D 



(color) 

DII-043A-U1A 

Apollo 

11 

(B/W, photometric) 

0iM)SL>A-Ull> 



(B/W, Iogetronic) 

o«)-05i)A-Ulli 



(color) 

OD-050A-01A 

Apollo 

12 

(B/W, photometric) 

(iD-ODDA-OlD 



(B/W, Iogetronic) 

oD-ODOA-Olh 



(color) 

oD-ODDA-UU: 

Apollo 

13 

(B/W, photometric) 

70-D2DA-0K: 



(B/W, Iogetronic) 

70-02DA-U1D 



(color) 

70-02DA-D1B 

Apollo 

14 

(B/W, photometric) 

/1-U08A-0K: 



(B/W, Iogetronic) 

71-0D8A-01B 



(color) 

71-008A-011: 

Apollo 

15 

(B/W, photometric 1 

71-0O3A-D1B 



(B/W, Iogetronic) 

71-O(i3A-0lA 



(color) 

71-UO3A-0H' 

Apollo 

Id 

(B/W, photometric) 

72-051A-01A 



(color) 

72-031A-01I- 



(particles in fluid) 

72-031A-0ID 

Apollo 

17 

(B/W, pBotometric) 

*2-o;)(,A-D5B 



(color) 

72-0«l«iA-05C 

Photographic 

: Catalogs (on microfiche 

unless noted) 

Apollo 

8 

(B/W) 

nS-1ISA-011 



(color) 

(.S-118A-UII 

Apo11 o 

10 

(B/W) 

<>'.•-(>43 \-D 11. 



(color) 

(,>»_() | \_o j i 

Apol lo 

11 

(B/W) 

o'l-OADA-D 11 



(color) 

oP-OBDA-Op; 


ID l 











s. 


rNUfiXH;: 


oaceeraft 


NSHDC Data ID 


I'j'l'.e, 


Apollo 12 (B/W) 

(color) 

Apollo 1.1 (color and B/W) 

Apollo 14 (B/W) 

(color) 

Apollo 15 (B/W, Cal Tech) 

(B/W, NSSDC) 

(B/W, microfilm) 
Apollo 10 (B/W, Cal Tech) 

(B/W, NSSDC) 

(B/W, microfilm) 
Apollo 17 (B/W, Cal ’loch) 

(B/W, NSSDC) 

(U/W, microfilm) 

Photography Indexes .... 

Apollo 15 (microfilm) 
(microfiche) 

Apollo lo (microfilm) 
(microfiche) 

Apollo 17 (microfilm) 
(microfiche) 

Supporting Data by LAC Areas . 

Apollo 8 
Apollo 10 
Apollo 11 
Apollo 12 
Apollo 15 
Apollo 14 

Panoramic Mosaics .. 

Apollo 12 (B/W) 

Apollo 14 (B/W) 

(color) 

Apollo 15 (B/W) 

(color) 

(microfiehe catalog) 

Multispect ra1 Photographs . 

Apollo 12 

Maurer lo-rnrn Movie Camera .. 

Maurer 1 : i 1ms .. 


oO-OPDA- 

<»P»0PPA- 

70- 02UA- 

71- 0O8A. 
7I-008A- 
71-003A- 
7'-0()5A- 

71- U05A. 

72- 051A 
72-051A 
72-031A 
72-0POA 
72-OPoA 
72-OPoA 


•Ull 

■ok; 

■Oil. 

■ Oil. 

-0111 

• 01. J 

-Oil. 

-OIK 

-0111 

-01J 

-Oil 

-051: 

-051 

-0511 


71—00 3A-'Jill 

71- 065A-01U 

72- 031A-01K 
72-031A-01M 
72-00OA-05P 
72-096A-05M 


68-118A-01I1 
OP-045 A-Olll 
6P-05PA-01I 
OP-OP9A-01I 

70- 029A-01C. 

71- 008A-01M 


OP-OPPA-Ol.J 

71-008A-0U 

71-008A-01K 

71-005A-011 

71-0(>5A-0li; 

71-0O5A-01M 


o'J-0PPA-09A 


Apollo S 
Apollo 10 
Apollo 11 
Apollo 12 
Apollo 15 
Apollo 14 


<■8-llSA-0 IB 
OP-U45A-01B 
(.9-059A-0 IB 
oP-OPPA-OlA 

70- 02PA-UlA 

71- 0U8A-U1D 


V 


l 


t 

i 
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INDEXES 


Spacecraft 


NSSDC Data ID 


Page 


*0 


Apollo 15 
Apollo 16 

(gegcnschein) 

Apollo 17 

Maurer Film Indexes ......... .. 

Apollo 15 
Apollo 16 
Apollo 17 

Closeup Stereoscopic Camera.. 

Apollo 11 
Apollo 12 
Anollo 14 

Hycon Camera . 

Hycon Photographs ... 

Apollo 14 (photometric) 
(logetronic) 

Nikon Camera.... .. 

Nikon Photographs and Indexes . 

Apollo 15 (photographs) 
(indexes) 

Apollo 16 (photographs) 
(gegenschein) 
(indexes) 

Apollo 17 (photographs) 
(indexes) 

(index on microfiche) 
Contamination Photography Experiment .... 

Contamination Photographs . 

Apollo 16 

Contamination Digitized Data .. 

Apollo 16 

sscope Photography . 

TV Kinescope Film and Indexes . 

Apollo 15 (film) 

(index) 

Apollo 16 (film) 

(index) 

Apollo 17 (film) 

(index) 

Panoramic Camera... 

Panoramic Photographs ... 

Apollo 15 (photometric) 
(logetronic) 
(terminator) 

Apollo 16 (photometric) 

Apollo 17 (photometric) 


71- 063A-01D 

72- 031A-01C 
72-031A-01E 
72-096A-05A 


71- 063A-01I 

72- 031A-01L 
72-096A-05L 


69-059A-01C 

69-099A-01B 

71-008A-01A 


71-008A-01F 

71-008A-01G 


71-063A-01P 

71- 063A-01Q 

72- 031A-01B 
72-031A-13A 
72-031A-01N 
72-096A-05D 
72-096A-05J 
72-096A-05N 


73-031A-15B 


72-031A-15A 


71-063A-01G 

71- 063A-01S 

72- 031A-01G 
72-031A-010 
72-096A-05G 
72-096A-05K 


71-063A-02A 

71-063A-02B 

71- 063A-02C 

72- 031A-02A 
72-096A-06A 
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INDEXES 




Spacecraft 


NSSDC Data ID 


Page 


Panoramic Rectified Photographs 
Apollo IS 
Apollo 16 
Apollo 17 

Panoramic Photography Supporting 
Apollo 15 

(SIM bay) 

(APE) 

Apollo 16 

(SIM bay) 

Apollo 17 

(SIM bay) 

Panoramic Photography Indexes .. 
Apollo 15 (microfilm) 
(microfiche) 
Apollo 16 (microfilm) 
(microfiche) 
Apollo 17 (microfilm) 
(microfiche) 

Panoramic Photography Catalogs .. 
Apollo 15 
Apollo 16 
Apollo 17 

Mapping Camera System . 

Mapping Camera . 


71- 063A-02G 

72- 031A-02E 
72-096A-06F 

Data. 

71-063A-02D 

71-063A-02I 

71- 063A-02J 

72- 031A-02C 
72-031A-02G 
72-096A-06B 
72-096A-06G 


71-063A-02E 

71- C63A-02H 

72- 031A-02B 
72-031A-02F 
72-096A-06C 
72-096A-06E 


71- 063A-02F 

72- 031A-02D 
72-096A-06D 


Mapping Camera 

Photography . 


Apollo 15 

(logetronic) 

71-063A-03A 


(photometric) 

71-063A-03B 


(terminator) 

71-063A-03C 

Apollo 16 

(photometric) 

72-031A-03A 

Apollo 17 

(high gain) 

72-096A-07A 


(low gain) 

72-096A-07B 

Mapping Camera 

Photography Supporting Data . 

Apollo 15 


71-063A-03D 


(geodetic reference) 

71-063A-03J 


(SIM bay) 

71-063A-03K 


(APE) 

71-063A-03L 

Apollo 16 


72-031A-03C 


(geodetic reference) 

72-031A-03H 


(SIM bay) 

72-031A-03I 

Apollo 17 


72-096A-07C 


(SIM bay) 

72-096A-07J 


(geodetic reference) 

72-096A-07K 
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82 


82 


82 


83 

84 

85 


87 
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INDEXES 


NSSDC Data ID 


Page 


Mapping Camera Photography Indexes 

Apollo 15 (microfilm) 71-063A-03E 

(microfiche) 71-063A-03I 

Apollo 16 (microfilm) 72-031A-03B 

(microfiche) 72-031A-03G 

Apollo 17 (microfilm) 72-096A-07E 

(microfiche) 72-096A-07G 

Mapping Camera Photography Catalogs (microfiche 

unless noted) . 

Apollo 15 (Cal Tech) 71-063A-03F 

(NSSDC) 71-063A-03H 

(microfilm) 71-063A-03G 

Apollo 16 (Cal Tech) 72-031A-03D 

(NSSDC) 72-031A-03F 

(microfilm) 72-031A-03E 

Apollo 17 (Cal Tech) 72-096A-07D 

(NSSDC) 72-096A-07I 

(microfilm) 72-096A-07H 

Stellar Camera..... 

Stellar Camera Photographs .- 

Apollo 15 71-063A-04A 

Apollo 16 72-031A-04A 

Apollo 17 72-096A-08A 

Stellar Camera Photography Supporting Data . 


Apollo 15 (SIM bay) 71-063A-04C 

(geodetic reference) 71-063A-04B 
Apollo 16 (geodetic reference) 72-031A-04B 
(SIM bay) 72-031A-04C 

Apollo 17 (geodetic reference) 72-096A-08B 
(SIM bay) 72-096A-08C 

Laser Altimeter ,. 

Laser Altimeter Incidence Data . 

Apollo 15 71-063A-05A 

Apollo 17 72-096A-09A 

Laser Altimeter Photographic Supporting Data .... 
Apollo 17 (SIM bay) 72-096A-09B 

(geodetic reference) 72-096A-09C 

S-band Transponder ....... • • < 

Acceleration Data ....... 

Apollo 12 (CSM) (microfilm) 69-099A-12A 

(LM) (microfilm) 69-099C-09A 

Apollo 14 (CSM) (magnetic tape) 71-008A-03A 

(CSM) (microfilm) 71-008A-03B 

(LM) (microfilm) 71-008C-11A 
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INDEXES 


Spacecraft 

Apollo 15 (CSM) 
(CSM) 
(SS) 
(SS) 

Apollo 16 (CSM) 
(CSM) 
(SS) 
(SS) 

Apollo 17 (CSM) 
(CSM) 
(LM) 
(LM) 

Bistatic Radar . 


NSSDC Data ID 

(magnetic tape) 71-063A-11A 
(microfilm) 71-063A-11B 
(magnetic tape) 71-063D-03B 
(microfilm) 71-063D-03C 
(magnetic tape) 72-031A-10A 
(microfilm) 72-031A-10B 
(magnetic tape) 72-031D-03B 
(microfilm) 72-031D-03C 
(magnetic tape) 72-096A-01A 
(microfilm) 72-096A-01B 
(magnetic tape) 72-096C-14A 
(microfilm) 72-096C-14B 


Reduced Short-Time Averages .. 

Apollo 14 (13 cm) 

(116 cm) 

(combined) 

Apollo 15 (13 cm) 

(116 cm) 

(combined) 

Apollo 16 (13 cm) 

(116 cm) 

(combined) ~ 

Gamma-Ray Spectrometer .. 

Gamma-Ray Spectrometer Merged Data 
Apollo 15 

Gamma-Ray Count Rate Data . 

Apollo 15 

X-Ray Fluorescence . 


71-008A-04A 

71-008A-04B 

71-008A-04C 

71-063A-14A 

71-063A-14B 

71- 063A-14C 

72- 031A-12A 
72-031A-12B 
72-031A-12C 


71-063A-08A 

71-063A-08D 


Lunar Orbit X-Ray Data. ’[”****** 

^°J}° 71-063A-09A 

Alpha Particle Spectrometer. V?.?. 

256-Channel Pulse-Height Analyzer Data. *.!! ] 

Apollo 15 71-063A-10A* 

Apollo 16 72-031A-nQA 

Mass Spectrometer. 

Mass Spectrometer Data. ♦...!!!!!!!!*** . 

Apollo 15 (magnetic tape) 71-063A-13A* 

(microfilm) 71-063A-13B 

Apollo 16 (magnetic tape) 72-031A-11A 

~ ..... . , (microfilm) 72-031A-11B 

Far Ultraviolet Spectrometer .. ...» 

Far UV Spectrometer Data . !!!!!!! . 

Apollo 17 (magnetic tape) .72-096A-02A* 

(microfilm) 72-096A-02B 



93 

94 


95 

95 

96 

96 

97 


97 

98 


98 

99 


100 

100 
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INDEXES 


Spacecraft 

Lunar Sounder Experiment .. 

Lunar Sounder Data ......... 

Apollo 17 (VIIF system) 

(HF-2) 

(HF-1) 

Lunar Sounder Supporting Data ... 
Apollo 17 

Lunar Surface Experiments ... 

Lunar Field Geology Investigation ..., 
Photographs of Geologic Samples , 
Apollo 11 (35 mm B/W) 

(70 mm color) 
(4x5 in. B/W) 
(4x5 in. color) 
Apollo 12 (35 mm B/W) 

(70 mm B/W) 

(70 ram color) 

(4 x 5 in. B/W) 
(4x5 in. color) 
Apollo 14 (35 mm B/W) 

(70 mm B/W) 

(4 x 5 in. B/W) 
(4x5 in. color) 
(8 x 10 in. B/W) 

(8 x 10 in. color) 
Apollo 15 (70 mm color) 

(4 x 5 in. B/W) 
(4x5 in. color) 
(8 x 10 in. B/W) 

(8 x 10 in. color) 
Apollo 16 (35 mm B/W) 

(4x5 in. B/W) 
(4x5 in. color) 
Apollo 17 (4x5 in. B/W) 

(4x5 in. color) 
Lunar Sample Data Base .......... 

Apollo 11 
Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 
Apollo 17 


NSSDC Data ID 


72-096A-04A 

72-096A-04B 

72-096A-04C 


72-096A-04D 


69-059C-01A 
69-059C-01C 
69-0S9C-01E 
69-059C-01F 
69-099C-01A 
69-099C-01C 
69-099C-01D 
69-099C-01E 
69-099C-01F 
71-008C-01D 
71-008C-01B 
71-008C-01C 
71-008C-01E 
71-008C-01A 
71-008C-01F 
71-063C-10D 
71-063C-10C 
71-063C-10E 
71-063C-10A 

71- 063C-10B 

72- 031C-05F 
72-031C-05G 
72-031C-05A 
72-096C-02G 
72-096C-02A 


69-059C-01G 

69-099C-01G 

71-008C-01G 

71- 063C-10F 

72- 031C-05B 
72-096C-02B 


Page 

101 

102 


103 


103 

105 

107 


107 










INDEXES 


Spacecraft 

Lunar Sample Indexes .. 

Apollo 11 
Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 
Apollo 17 

Lunar Sample Catalogs . 

Apollo 11 
Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 
Apollo 17 

Drawings of Rock Sample Cuttings 
Apollo 12 
Apollo 14 
Apollo 15 

Soil Mechanics Experiment . 

Soil Mechanics Data .. 

Apollo 11 
Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 
Apollo 17 

Passive Seismic Experiment . 

Passive Seismograms . 

Apollo 11 

Passive Seismic Event Data ..... 
Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 

Passive Seismic Continuous Data 
Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 

Compressed Scale Playouts ...... 

Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 


NSSDC Data ID Page 

. 108 

69-059C-01K 

69-099C-01K 

71-008C-01K 

71- 063C-10J 

72- 031C-05H 
72-096C-02F 

. 108 

69-059C-01H 

69-099C-01H 

71-008C-01H 

71- 063C-10G 

72- 031C-05C 
72-096C-02C 

.. 109 

69-099C-01L 

71-008C-01L 

71-063C-10K 

. 109 

. 110 

69-059C-06A 

69-099C-10A 

71-008C-02A 

71- 063C-02A 

72- 031C-09A 
72-096C-04A 

. Ill 

. 112 

69-059C-03A 

. 113 

69-099C-03A 

71-008C-04B 

71- 063C-01B 

72- 031C-01B 

. 113 

69-099C-03E 
71-008C-04A 

71- 063C-01A 

72- 031C-01A 

. 114 

69-099C-03B 

71-008C-04C 

71- 063C-01D 

72- 031C-01D 













INDEXES 


Spacecraft 


NSSDC Data ID Page 


Compressed Scale Event Playouts 
Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 

Expanded Scale Event Playouts . 
Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 

Artificial Lunar Impact Data .. 
Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 

Selected Seismic Event Data 


69-099C-03C 

71-008C-04H 

71- 063C-01F 

72- 031C-01F 


69-099C-03D 

71-008C-04D 

71- 063C-01C 

72- 031C-01C 


69-099C-03F 

71-008C-04F 

71- 063C-01E 

72- 031C-01E 


Apollo 12 
Apollo 14 
Apollo 15 
Apollo 16 


(meteoroid) 

(teleseismic) 

(moonquakes) 

(meteoroid) 

(teleseismic) 

(moonquakes) 

(meteoroid) 

(teleseismic) 

(moonquakes) 

(meteoroid) 

(teleseismic) 

(moonquakes) 


69-099C-03R 

69-099C-03S 

69-099C-03T 

71-008C-04R 

71-008C-04S 

71-008C-04T 

71-063C-01R 

71-063C-01S 

71- 063C-01T 

72- 031C-01R 
72-031C-01S 
72-031C-01T 


Compressed Scale Playouts of Selected Events 


Apollo 12 (meteoroid) 

(teleseismic) 
(moonquakes) 
Apollo 14 (meteoroid) 

(teleseismic) 
(moonquakes) 
Apollo 15 (meteoroid) 

(teleseismic) 
(moonquakes) 
Apollo 16 (meteoroid) 

(teleseismic) 


69-099C-03I 
69-099C-03L 
69-099C-03M 
71-U08C-04I 
71-008C-04L 
71-008C-04M 
71-063C-01I 
71-063C-01L 

71- 063C-01M 

72- 031C-01I 
72-031C-01L 
72-031C-01M 


(moonquakes) 

Expanded Scale Playouts of Selected Events . 

Apollo 12 (meteoroid) 69-099C-03J 

(teleseismic) 69-099C-03K 

(moonquakes) 69-099C-03N 

(artificial impacts) 69-099C-030 


114 


115 


115 


115 


116 


116 
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INDEXES 


Spacecraft 


NSSDC Data ID 

Apollo 14 (meteoroid) 71-008C-04J 

(teleseismic) 71-008C-04K 

(moonquakes) 71-008C-04N 

(artificial impacts) 71-008C-040 


Page 


Apollo 15 (meteoroid) 
(teleseismic) 
(moonquakes) 


71-063C-01J 

71-063C-01K 
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